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THE CONSTITUTION OF INDIA 


PREAMBLE 
WE, THE PEOPLE OF INDIA, having solemnly resolved to constitute India into a 'SOVEREIGN 
SOCIALIST SECULAR DEMOCRATIC REPUBLIC and to secure to all its citizens : 
JUSTICE, social, economic and political; 
LIBERTY ofthought, expression, belief, faith and worship; 
EQUALITY of status and of opportunity; and to promote among them all 
FRATERNITY assuring the dignity of the individual and the’ unity and integrity of the Nation; 


IN OUR CONSTITUENT ASSEMBLY this twenty-sixth day of November, 1949, do HEREBY ADOPT, 
ENACT AND GIVE TO OURSELVES THIS CONSTITUTION. 


1. Subs, by the Constitution (Forty-Second Amendment) Act. 1976, sec. 2, for "Sovereign Democratic Republic" (w.e.f. 3.1.1977) 
2. Subs,bythe Constitution (Forty-Second Amendment) Act. 1976, sec. 2, for "unity of the Nation" (w.e.f. 3.1.1977) 


THE CONSTITUTION OF INDIA 
Chapter IV A 
FUNDAMENTAL DUTIES 
ARTICLE 51A 
Fundamental Duties - It shall be the duty of every citizen of India- 


(a) to abide by the Constitution and respect its ideals and institutions, the National Flag and the National 
Anthem; 


(b) tocherish and follow the noble ideals which inspired our national struggle for freedom; 
(c) touphold and protect the sovereignty, unity and integrity of India; 
(d) todefend the country and render national service when called upon to do so; 


(e) topromote harmony and the spirit of common brotherhood amongst all the people of India transcending 
religious, linguistic and regional or sectional diversities; to renounce practices derogatory to the dignity of 
women; 


(f) tovalue and preserve the rich heritage of our composite culture; 


to protect and improve the natural environment including forests, lakes, rivers, wild life and to have 
compassion for living creatures; 


to develop the scientific temper, humanism and the spirit of inquiry and reform; 
(i) tosafeguard public property and to abjure violence; 


(j) to strive towards excellence in all spheres of individual and collective activity so that the nation constantly 
rises to higher levels of endeavour and achievement; 


ЧК) who is a parent or guardian to provide opportunities for education to his/her child or, as the case may be, 
ward between age of 6 and 14 years. 


1. Subs. by the Constitution (Eighty - Sixth Amendment) Act, 2002 
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UNIT - 1 
SOME BASIC CONCEPTS OF CHEMISTRY 


Objectives 
The learners will be abled to 
° understand the characteristics of states of matter; 
. classify matter in elements, compounds and mixtures; 
° identify the SI units of various measurable quantities; 
° apply the concept of significant figures; 
. differentiate between precision and accuracy; 
° state and explain the various laws of chemical combinations; 
. explain the importance of atomic mass; 
° explain the concept of mole; 


° calculate concentration in terms of mass by mass percentage, molarity, molality and 
normality; 


. find the empirical and molecular formula; 


° perform the stoichiometric calculations. 


SOME BASIC CONCEPTS OF CHEMISTRY - 


Matter and It's Nature 
° Anything which has mass and occupies space is called matter. 
. Three physical states of matter are solid, liquid and gas. 


° In solids, molecules are held very close to each other and they have definite shape and 
definite volume. 


. In liquids, molecules are close to each other but move around, they have definite volume 
but not shape. 


° In gases, molecules are far apart and have neither definite volume nor shape. 
. At bulk level, matter can be divided in to pure and impure substances. 


° Elements and compounds are pure substances whereas mixtures fall in the category of 
impure substances. 


ED 
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° Mixtures are further classified as heterogeneous (with non uniform composition) and 
homogenous mixtures (with uniform composition). 


. Elements are made up of identical atoms with the same atomic number. 
Dalton's atomic theory 
° All matter is made of atoms which are indivisible and indestructible particles. 


° All the atoms of a given element are identical, however, atoms of different elements have 
different masses and different chemical properties. 


. Compounds are formed by the combination of different atoms in the ratio of small whole 
numbers. 


° Atoms are neither created nor destroyed in the course of an ordinary chemical reaction. 


Atoms and molecules 


° An atom is the smallest particle of an element which can take part in a chemical reaction. It 
may or may not be capable of independent existence. 


. A molecule is the smallest particle of an element or a compound which is capable of 
independent existence. 


Elements such as oxygen, hydrogen, etc. exist in forms of molecules. 


When two or more atoms of different elements combine, the molecule of a compound is obtained such 
as water, ammonia, carbon-dioxide, etc. 


The atoms of different elements are present in a compound in a fixed ratio which is characteristic of a 
particular compound. 


The constituents of acompound cannot be separated into simpler substances by physical methods. 


Physical quantities and their measurements in chemistry 

Mass - quantity of matter present in a substance. 

Weight —force exerted by gravity on an object 

Volume -the space occupied by a substance, or enclosed within a container 
Density — mass per unit volume 

Temperature —the degree or intensity of hotness of a substance 


Pressure - force exerted per unit area on or against an object 


(2) 
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Physical Quantity 5.1. Units 
Mass Kilogram (kg) 
Weight Newton (N) 
Volume т"; Litre (L) 
Density kg/m? 


Temperature Kelvin (K) 





Pressure Pascal (Nm* or Pa) 





Precision and accuracy 
° Precision refers to the closeness of various measurements for the same quantity. 


. Accuracy is the agreement of a particular value to the true value of the result. 


Significant figures 
° All non zero digits are significant. 


° The zeros to the right of the decimal point or zeros between two non-zero digits are 
significant. 


° Zeros to the left ofthe first non-zero digit ina number smaller than one are not significant. 


° In addition or subtraction, the result should be mentioned in the same number of decimal 
place as that of the term with the least decimal places. 


. In multiplication and division, the result should be mentioned in same number of 
significant figures as the least precise term used in calculation. 
Dimensional analysis 


While calculating one needs to convent units from one system to other. The method used to 
accomplish this is called factor label method or unit factor method or dimensional analysis. 


Ex: 1inch 22.54 cm 
{inch _ {= 2.54cm _ { 
2.54 cm 1 inch 

Both these are called unit factors 


(3) 
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Laws of Chemical Combinations 


° Law of Conservation of Mass : Mass is neither created nor destroyed in chemical 
reactions. For example 


2H,(g) + 0,(0) ——» 2H;0(g) 
4g 32g 36g 
Mass remains conserved, i.e., mass of reactant = mass of product. 


° Law of Multiple Proportions : If two elements combine in different ways to form different 
compounds, the masses of one element that combine with a fixed mass of the other 
elementare in ratio of small whole numbers. For example 


NO NO, 
Mass ratio of N and O 14:16 14:32 
7:8 7:16 


Ratio of masses of O that combines with a fixed mass of N(7g) 8:16 or 1:2. 


. Law of Constant Proportions : Different samples of a pure chemical substance always 
contain the same proportions of elements by mass. e.g. every sample of water (H0) 
contains 1 part hydrogen and 8 parts oxygen by mass (i.e., 1:8). 


° Law of Reciprocal Proportions : When definite mass of an element A combines with two 
different elements B and C to form two compounds and if B and C also combine to form a 
compound, their combining masses bear a simple ratio to the masses of B and C which 
combine with a constant mass of A. 


° Gay Lussac's Law : According to this law, under similar conditions of temperature and 
pressure, gases react with each other in a simple ratio of their volumes and if the product 
is also gaseous, italso bears a simple ratio with the volumes of reactants. 


. Avogadro's Гам: Equal volume of all gases under the same conditions of temperature and 
pressure contain equal number of molecules. 


Atomic mass 
Relative atomic mass of an element is defined as the ratio of the mass of one atom of the 
element to the mass of L part of an atom of C-12. 


Mass of one atom of the element 


Relative atomic mass = — 99 с I зе 
Mass of 1/12 part of atom of C-12 


Average atomic mass = 2 AX, 


> X aii 
(4) 
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Where A,A,A,........ are atomic masses of species 1,2,3 ..... etc, with their % or fractions 
X,, X, X, etc. 


Similarterms are for molar masses. 


Calculation of atomic weight 
Atomic wt. x specific heat = 6.4 cal К" тої" (approx.) (Dulong and Petit's law for solids) 
Approx. atomic weight = 6.4/specific heat 


Atomic mass 
Equivalent mass 





Valency - 


Atomic mass - Eq. mass x Valency 
Atomic Mass Unit, u (earlier called atomic mass unit, amu) is equal to 1/12 th of the mass of one "C 
atom 


_ 1 4. 12gmol 
12 6.022 x 10? mor" 


= 1.66 x 10 ^g 


Most of the elements have isotopes, the atomic mass of an element is the weighted 
average of the masses of its all the naturally occurring isotopes. 





_ m,xa+m,xb+m,xc 
M, = 1 2 3 
а+р+с 





m,, m, and m, аге the atomic masses of the isotopic forms of an element іп the ratio a, b 
and c. 


M, is the average atomic mass 
If relative abundance is given instead of ratio 


M, = ТХ + mxr,* ХГ: 
ау T 
++» 





r rand r,arethe relative abundances of the isotopes 
Molar mass: Molar mass of a substance is the mass of one mole of that substance. 


Formula mass : Formula mass of a substance is the sum of the atomic masses of all atoms present in 
one formula unit ofthe compound (normally ionic compounds) 


L5) 
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Gram-molar volume : The volume occupied by one gram-molecular mass of any gas at NTP (0°C or 
273 Kand one atm or 760 mm of Hg pressure). Its value is 22.4 litre. Itis also known as molar volume. 





Vapour density : 
VD. = Density of a gas 
Density of hydrogen 


Mass of acertain volume of a gas 
Mass of same volume of hydrogen 
2xV.D. = Molecular mass 
Solved Examples 
01. Convertthe 28°C temperature into degrees Fahrenheit heat 
a) 77.0 b) 81.4 
c) 774 d) 81.0 
Ans. (b) 


f= ICC) +32 
5 





a 28 + 32 = 81.4° 


Q2. What willbe the answer of 77.32-6.3 ? 
a) 71.02 b) 71.0 
c) 71.2 d) 71.1 


Ans. (b) 
The answer is to be reported upto same number of decimal places as that of the term with 
the least number of decimal places. This after rounding off 71.02 becomes 71.0. 

Q3. A student performs a titration with different burettes and finds titre values of 25.2 mL, 
25.25 mLand 25.0 mLthe number of significant figures in the average titre value is 
a) 1 b) 3 
C) 2 d) 4 


E — — l1 | |. 
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Ans. 


(b) 
Calculate the average value of different titre values. Then use the rule to determine the 
significant figures for mathematical calculation. 


25.2 + 25.25 + 25.0 _ 75.45 
3 3 


Average value = 





2275.15 
=25.2 mL 
The number of significant figure is 3 


Practice Questions 


1. 


A gaseous mixture contains oxygen and nitrogen in the ratio of 1:4 by weight. Therefore, 
the ratio of their number of molecules is 


(a 1:4 (D) 1:8 
(c) 7:32 (d) 3:16 


Thetotal number of electrons in one molecule of carbon dioxide is 
(a 22 (b) 44 
(c) 66 (d) 88 


The largest number of molecules is in 

(a 36gofwater (b)  28gofCO 

(c) 46gofethylalcohol (0) 54gofnitrogen pentaoxide (№,0.) 

When the same amount of zinc is treated separately with excess of sulphuric acid and 
excess of sodium hydroxide, the ratio of volumes of hydrogen evolved is 

(а) 11 (0) 1:2 

(с) 2:1 (d) 9:4 

2.76 0 of silver carbonate on being strongly heating yields a residue weighing 

(a) 2.160 (b 2.48g 

(c) 2.32g (d) 2.640 
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6. Which has maximum number of molecules? 

(a 7gofN, (b  2gofH, 
(c) 16gofNO, (d) 16gofO, 

7.  2.6gofamixture of calcium carbonate and magnesium carbonate is strongly heated to 
constant mass 1.3 g. The atomic weights of calcium and magnesium are 40 and 24 
respectively. State which of the following masses expresses the mass of calcium 
carbonate in the original mixture? 

(a 980mg (b) 400mg 
(c) 1.75g (d) 0.740 

8. 10.44 g of a colourless oxide of nitrogen occupies 224 mL at 1520 mm Hg and 273°C, 
then the compound is 
(a) № (b) NO, 

(c) NO, (d) МО, 

9. If oxygen is present in one litre flask at pressure of 7.6 x 10° mm Hg, then the number of 
oxygen molecules in the flask at 0°C will be 
(a) 27х10" (b) 0.27x10" 

(c) 0.027x10" (d) 2.7x10" 

10. The ratio of masses of oxygen and nitrogen and a particular gaseous mixture is 1:4. The 
ratio of number of their molecule is 
(a 1:4 (b) 7:32 
(c) 1:8 (d) 3:6 

Answers 
01 - (c) Q2 - (a) Q3 - (a) 

Q4 - (a) Q5 - (a) Q6 – (b) 
Q7 - (d) Q8 - (b) Q9 – (a) 
Q10 - (b) 
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SOME BASIC CONCEPTS OF CHEMISTRY-II 
Mole – The quantity of a given substance that contains as many elementary entities, such as 
atoms, molecules ions or formula units as the number of atoms in exactly 12 g of C-12. 


In modern terms, gram-molecule and gram-atom are termed as a mole of molecules and a mole of 
atoms respectively e.g., 1 gram-molecule of oxygen and | gram-atom of oxygen are expressed as 1 
mole of O, and 1 mole of O respectively. 


1 Mole of atoms = Gram atomic mass or molar mass = 6.022 x 10” molecules = 22.4 L at NTP (0°C, 1 
atm) = 22.7 Lat STP (0°C, 1 bar) 


The number of moles of a substance can be calculated by various means. 


Rules in Brief 
(1) Number of moles of molecules = Massing - 
Molar mass 
(2) Number ofmoles ofatoms = Massing - 
Molar mass 
Volume at NTP 


(3) Number of moles of gases = 





Standard molar volume 


(Standard molar volume is the volume occupied by 1 mole of any gas at NTP which is 
equal to 22.4 litres.) 


(4) Number of moles of atoms/molecules/ions/electrons 


_ No. of atoms/molecules/ions/electrons 
Avogadro constant 





(5) Number of moles of solute = Molarity x Volume of solution in litres 


Percentage Composition 


s , | mass of solute in gram 
° % by weight of solute in solution = 9 x 100 


mass of solution in gram 





. volume of solute in mL 
° % by volume of solute in solution =  ————————————— х 100 


volume of solution in mL 


ooo RB 
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mass of solute in gram 


e % by weight to volume of solute in solution = x 100 





volume of solution in mL 


Empirical and Molecular formula: 
° Steps involved in the calculation of empirical formula : 


- Convert the mass percentage into grams: considering 100 g of the compound, the 
given mass percentages representthe masses of the elements in grams. 


- Calculate the number of moles of each element. 


- Calculate the simplest molar ratio: divide the moles obtained by the least value from 
amongstthe values obtained for each element. 


е Calculate the simplest whole number ratio: multiply all the simplest atomic ratios by 
asuitable integer. 


- Write the empirical formula: write the symbols of each element along with their 
whole number ratios side by side. 


° Molecular formula = empirical formula x n 
n=1,2,3,.....etc. 


molar mass 





empirical formula mass 


Methods of expressing concentration of a solution 
The amount of solute in a solution can be expressed in terms of two systems of units : 


(i) | Group A units specify the amount of solute in a given volume of solution, such as strength 
molarity, normality etc. 


(ii) | Group B units specify the amount of solute fora given mass of solvent or solution, such as 
mass %, mole fraction, molality etc. 


The advantage of Group A units is the ease of solution preparation and that of Group B 
units is the temperature independence. 


Ina given solution, let solute be represented by (1) and the solvent by (2) 
W, - mass of solute, W, - mass of solvent, 


m, = molar mass of solute, m, = molar mass of solvent, 
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= moles of solute n, = moles of solvent 
W, * W, = mass of solution, (n, + п,) = moles of solution, 
d = density in g cm? V = volume of solution in cm? or mL 


E, - equivalent mass of solute 


Expressing concentration of solution in Groups A and B units : 


Following are the terms given in Table 1 and Table 2 widely used to express concentration of solution. 


Table 1 : Expressing Concentrations in Group A 





Name Symbol | Definition Formula Usual SI unit 


Mass percent Mass of solute present 2 kg m? 
in 100 mL of solution V 


Strength Mass of solute present 


L'or g dm? 
in 1 L or 1 dm’ of solution : 9 


Molarity Number of mol of solute а mol dm* 
present in one L (1 dm / 
1000 cm’) of solution 





Table 2 : 


% concentration Mass of solute present bad Dimension- 
by mass of solution in 100 g of solution less 


% concentration Mass of solute present € Dimension- 
by mass of solvent in 100 g of solvent less 


Molality Number of mol of solute В mol kg" 
present in one kg solvent 


Mole fraction Fraction of a component Dimension- 
out of total mol present ИЕ less 
in a solution 
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° Relationship between molality (M') and Molarity (M) 











_ 1000 M 
(1000 d - Мт,) 
d o m,i 
M 1000 M 
° Relationship between molality (M') and mole fraction (X) 
yis 100% 
XM, 
d т, M 
M 1000 M 


° Relationship between molarity (M) and Mole fraction (X) 
M = 1000 w, X, d 
m, (w, + w) (1 Х,) 





° While diluting a solution from one concentration to another, we can use 
MV, = M,V, 
(Conentrated solution) (dilute solution) 


. Molarity of mixture : Let there be three samples of solution (containing same solvent and 
solute) with their molarity M,, M,, M, and volumes V,, V,, V, respectively. These solutions 
are mixed, molarity of mixed solution may be given as : 


M,V, + МУ, + MV, = M(V, + V, + У.) 
where, M = resultant molarity 


Equivalent weight 


The number of parts by weight of the substance which combine or displace directly or indirectly 1.008 
parts by weight of hydrogen or 8 parts by weight of oxygen or 35.5 parts by weight of chlorine or 108 
parts by weight of silver. 
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Methods to calculate equivalent weight 


Hydrogen displacement method 
Wt. of metal x 1.008 
Wt. of H, displaced 
Wt. of metal x 11200 
Volume of H, in mL displaced at NTP 


Eq. wt. of metal = 





Oxide formation or reduction of the oxide method: 


Wt. of metal х В 
wt. of oxygen combined 





Eq. wt. of metal 


- wt. of metal x 5600 
Wt. of O, displaced/combined in mL at NTP 


Chloride formation method: 





Eq.wt.ofmetal = Wt. of metal X 35.5 


Wt. of chlorine combined 





г Wt. of metal x 11200 
Wt. of Cl,combined in mL at NTP 


Metal displacement method: 





Wt. of metaladdedtoasaltsolution _ Еа. Wt. of metal added 
Double decomposition method: 
For a reaction AB +CD — AD +BC 
Wt. of salt AB added to salt CD (in solution) ^ Eq. Wt. of radical A + Eq. wt. of radical B 
Wt. of salt AD precipitated Eq. Wt. of radical A + Eq. wt. of radical D 








Electrolytic method: 

Eq. wt = wt. deposited by 1 Faraday (96500 coulombs) 

On passing the same quantity of electricity through two different electrolytic solutions. 
Wt. of X deposited _ Eq.wt.ofX 


Wt. of Y deposited Eq. wt. of Y 
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Neutralization method: 
Eq. wt. of an acid = Wt. of the acid neutralized by 1000 cc of 1 N base solution 
Eq. wt. of a base = Wt. of the base neutralized by 1000 cc of 1 N acid solution 
° Foran organic acid (RCOOH) 


_ Ед. wt. of silver salt (RCOOAg) _ Wt. of silver salt 
Eq. Wt. of Silver (108) Wt. of silver 


Eq. wt. of acid (RCOOH) = Eq. wt. of RCOOAg - 107 


e Eq. wt. ofanacid - Mol. Wt. ofthe acid 
Basicity 


Mol. Wt. of the base 
Acidity 
Mol. Wt. ofthe salt 
Total positive valency ofthe metal atoms 
Mol. Wt. ofthe substance 
No. of electrons gained/lost by one molecule 











° Eq. wt.ofbase = 





e Eq. wt. ofsalt = 





° Eq. wt. of oxidizing / reducing agent = 


Normality 
Itis defined as no. of equivalents of a solute presentin one litre of solution 


N = Equivalent of solute 
Volume of solution in litre 





Weight of solute 
Equivalent weight of solute x V in litre 





_ wW 
Ex Vin (L) 
_ wx1000 
ExVinmL 


= 


Wt. of solute 
Eq. wt. of solute 


Also, no. of equivalents =N xV (in L) = 





Wt. of solute x 1000 
Eq. wt. of solute 


And no. of Milli equivalents = N xV (in mL) = 
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тео ГӘ 


Equivalents and Мед. (milliequivalents) of reactants react in equal amount to give same 
no. of equivalent or Meq. of products separately. 


(i) | Inagiven reaction. 
aA+bB—» mM+nN 
Мед. of A= Мед. of B= Мед. of M = Мед. of N 
(ii) Inacompound M,N, 
Мед. of M,N, = Мед. of M = Мед. of N 
or Eq. of M,N, = Eq. of M = Eq. of N 
(iii) In a series of reaction for complete reaction 
aA + bB— cC dD eE fF : 0б 
excess ехсеѕ5 
Мед. of A = Мед. of B = Мед. of C = Мед. of D = Мед. of E = Мед. of F = Мед. of G 
used used formed used formed used formed 





Mole and millimole react according to balanced chemical equation. 
Molarity x Valency factor = Normality 

On diluting a solution, mole, mM, Equivalents and Meq. of solute do not change. 
For reporting concentration of H,0,, direct conversions can be made as: 


(i) _ % strength of H,0, = 11 x Volume strength of H,0, 


(ii) ^ Volume strength of H,0,- 5.6 x Normality of H,O, 
(iii) Volume strength of H,0,- 11.2 x Molarity of H,O, 


Balancing of a chemical equation 


According to the law of conservations of mass, a balanced chemical equation has the same number of 
atoms of each element on both sides of the equation. 


Step | Write down the correct formulas of reactants and products. 


Step 11 Balance the number of atoms of elements other than Н & О. 


Step 111 Balance the number of H and O if any. 


Step IV Verifythe number of atoms for all reactants and products. 
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Solved Examples 


Q1. 


How many moles of magnesium phosphate, Мо.(РО,), will contain 0.25 mole of oxygen 
atoms? 


(а) 1.25х10° (b 2.5х102 (с) 002 (d 3.125х10° 


Strategy : using the mole concept equate the moles of Mg,(PO,), to the number of atoms 
of oxygen in the formula of the compound. 


Solution : 1 mole of Mg,(PO,), contains 8 moles of oxygen atoms. 
Therefore 0.25 moles of oxygen atoms are present in 1/8 x 0.25 moles of Mg,(PO,), 
=3.125 x 10° moles of Mg,(PO,), 


Answer : (d) 


Q2. 


Inthe reaction 
2Al(aq.)  6HCl(aq.) —* 2AI*(aq.)+ 6CI (aq.) + ЗН,(0) 


(a 33.6LH,(g)is produced regardless of temperature and pressure for every mole of 
Althat reacts. 


(b) 67.2LH,(g) at NTP (0°C, 1 atm) is produced for every mole Al that reacts. 
(c) 11.2LH,(g) at NTP (0°C, 1 atm) is produced for every mole HCl(aq) consumed. 
(d) 6LHCl(aq.)is consumed for every 3 LH,(g) produced. 


Strategy : use the mole concept where moles of HCI are equated to the volume occupied 
by H, gas at N.T.P. as given by the balanced chemical equation. 


One mole of agas at N.T.P. (0°C, 1 atm) occupies 22.4 L of volume. 

Solution : 6 moles of HCI liberate 3 moles of H, gas. 

Convert the moles of H, gas to the volume occupied by H, gas = 3 x 22.4 Lof H, 
6 moles of HCI liberate 3 x 22.4 Lof H, 


6 


1 mole of HCI will liberate 





Answer: (с) 
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Practice Questions 
Q1. 4.0g ofcaustic soda (mol. mass 40) contains same number of sodium ions as per present 


Q2. 


Q3. 


04. 


Q5. 


Q6. 


Q7. 


Q8. 


Q9. 


in: 
(a) 10.6g of Na,CO, (mol. mass 106) 

(b) 58.5gof NaCl (formula mass 58.5) 

(c) 100mLof0.5 M Na,SO, (formula mass 14) 
(d) 1g equivalent of NaNO, (mol. mass 85) 


0.1 g of a metal on reaction with dil acid gave 34.2 mL hydrogen gas at N.T.P. The 
equivalent weight of the metal is : 


(a 327 (0) 48.6 (c) 64.2 (d) 16.3 
0.5g ofa metal on oxidation gave 0.79 g of its oxide. The equivalent weight of the metal is : 
(a) 10 (b) 14 (c) 20 (d) 40 


74.5 g of a metal chloride contains 35.5 g of chlorine. The equivalent weight of the metal 
iS: 

(a) 19.5 (b) 35.5 (c) 39.0 (d) 78.0 

The chloride of a metal (M) contains 65.5% of chlorine. 100 mL. of the vapour of the 
chloride of the metal at N.T.P. weights 0.72 g. The molecular formula of the metal chloride 
iS: 

(a MCI (b MCI, (c) | MCI, (d) MCI, 

The equivalent weight of a metal is 4.5 and the molecular weight of its chloride is 80. The 
atomic weight of the metal is : 


(a) 18 (b) 9 (c) 4.5 (d) 36 
The sulphate of an element contains 42.2% element. The equivalent weight would be : 
(a) 17.0 (b) 35.0 (c) 51.0 (d) 68.0 


The equivalent weight of an element is 4. Its chloride has a vapour density 59.25. Then the 
valency of the element is : 


(a) 4 (b) 3 (с) 2 (d) 1 


The oxide of an element possesses the formula M,O.. If the equivalent weight of the metal 
is 9, thenthe atomic weight of the metal will be : 


(a) 9 (b) 18 (c) 27 (d) noneofthese 
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Q10. 


011. 


012. 


013. 


014. 


015. 


016. 


017. 


018. 


019. 


Approximate atomic weight of an element is 29.89. If its eq. wt. is 8.9, the exact atomic wt. 
is: 


(a) 26.89 (b) 8.9 (c) 17.8 (d) 267 


0.534 g Mg displaces 1.415 g Cu from the salt solution of Cu. Equivalent weight of Mg is 
12. The equivalent weight of Cu would be: 


(a) 15.9 (b) 47.7 (c) 31.8 (d) 8.0 
The equivalent weight of iron in FejO, would be: 
(a 18.6 (b) 28 (c) 56 (d) 112.0 


5.3 g of Na,CO, have been dissolved to make 250 mL of the solution. The normality of the 
resulting solution will be : 


(a) 0.1N (D  0.2N (c) 0.4N (d) 0.8N 

If 8.3 mL of a sample of H,SO, (36 N) is diluted by 991.7 mL of water, the approximate 
normality of the resulting solution is : 

(a 0.4 (b) 0.2 (c) 0.1 (d) 0.3 

10 mL of an HCI solution gave 0.1435 g of AgCI when treated with excess of AgNO,. The 
normality of the resulting solution is : 

(a) 0.1 (0) 3 (c) 0.3 (d 0.2 

500 mL of a 0.1 N solution of AgNO, is added to 500 mL of a 0.1 N KCI solution. The 
concentration of nitrate in the resulting mixture is : 

(a) 0.1N (b) 0.05N (c) 0.01N (d) 0.2N 

The ratio of amounts of H,S needed to precipitate all the metal ions from 100 mL of 1 M 
AgNO, and 100 mL of 1 M CuSO,is: 


(a 1:2 (b) 2:1 (c) zero (d) infinite 

1 Lof18 molarH,SO, has been diluted to 100 L. The normality of the resulting solution is : 
(a) 0.09N (b 0.18N (c) 1.80N (d) 0.36N 

The normality of 0.3 M phosphorus acid (H,PO.) is : 

(a 0.1 (b 0.9 (c) 0.3 (d) 0.6 
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Q20. 


021. 


022. 


023. 


024. 


025. 


026. 


027. 


028. 


One litre of N/2 HCI solution was heated in a beaker. When volume was reduced to 600 mL, 
3.25 g of HCI was given out. The new normality of solution is : 


(a) 6.85 (р) 0.685 (c) 0.1043 (а) 6.50 


The hydrated salt Na,SO,.nH,O, undergoes 55% loss in weight on heating and becomes 
anhydrous. The value of n will be : 


(a) 5 (D 3 (с) 7 (d 10 


Thetotal ionic strength (total molarity of all ions) of a solution which is 0.1 M of CuSO, and 
0.1 M of AL(SO,), is : 


(à 02М (D 0.7M (c) 0.8M (d) 1.2M 


The isotopic abundance of C-12 and C-14 is 98% and 2% respectively. What would be the 
number of C-14 atoms in 12 g carbon sample : 


(à 1.032x10% (6) 3.01х10° (c) 5.88х1.0° (d) 6.02x10? 


500 mL of NH, contains 6.00 x 10” molecules at N.T.P. How many molecules are present in 
100 mL of CO, at N. T.P.? 


(a 6x10” (b 1.5x10" (c) 5.88x1.0% (d) 1.5x10” 
What will be the volume of the mixture after the reaction? 

NH, (g, 1L) + HCI (g, 1.5 L) + NH,CI(s) 

(a) 1.5L (b) 0.5L (c) 1L (d) OL 


What volume of hydrogen gas at 273 K and 1 atm pressure will be consumed in obtaining 
21.6 g of elemental boron (atomic mass - 10.8 g) from the reduction of boron trichloride 
by hydrogen ? 


(à 6721 (b) 4481 (c) 2240 (d) 8961 


The number of water molecules present in a drop of water (volume 0.0018 mL) at room 
temperature is : 


(a 6.022х10° (b) 1.084x10" (c) 4.84x10" (d) 6.022x10? 
7.5 grams of a gas occupy 5.6 litres of volume at NTP. The gas is : 
(a NO (b АО (c) CO (d) CO, 
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Q29. 


Q30. 


031. 


032. 


033. 


034. 


Q35. 


Q36. 


Q37. 


Q38. 


For the formation of 3.65 g of hydrogen chloride gas, what volumes of hydrogen gas and 
chlorine gas are required at N.T.P. conditions? 


(a) 1.12lit,1.12lit (b) 1.12lit,2.24lit (с) 3.65lit,1.83lit — (d) 1lit,1 lit 


How many moles of magnesium phosphate Mg,(PO,), will contain 0.25 mole of oxygen 
atoms? 


(a  125x10* (b) 2.5х10° (c) 0.02 (d) 3.125x10* 
Which among the following is the heaviest? 

(a) Опе mole of oxygen (b) One molecule of sulphur trioxide 
(с) 44gofcarbon dioxide (d) Tenmoles of hydrogen 


How many grams of magnesium phosphate, Мо,(РО,), will contain 0.25 mole of oxygen 
atoms? 


(a  81875x10? (D 818.75х10* (c) 818.75х10° (d) 818.75х10° 
The molality of 1 L solution of 93 % H,SO, (w/v) having density 1.84 g/mL is : 
(a 1.043 т (b 0.1043 т (c) 10.43m (а) 0.01043 т 


0.7 g of NaCO, • x H,O is dissolved іп 100 mL water, 20 mL of which required 19.8 mL of 
0.1 N HCI. The value of xis: 


(a 4 (b 3 (с) 2 (d) 1 

The normality of 10 mL of a '20 V' H,O, is: 

(a 179 (b) 3.58 (c) 60.86 (d) 6.086 
Vapour density ofa volatile substance is 4. Its molecular weight would be : 

(a 8 (b 2 (c) 64 (d) 128 


3 g of an oxide of a metal is converted to chloride completely and it yielded 5 g of chloride. 
The equivalent weight of the metal is: 


(а) 3325 (b) 3.325 (c) 12 (d) 20 


If 0.50 mole of BaCl, is mixed with 0.20 mole of Na,PO,, the maximum number of moles of 
Ba,(PO,), that can be formed is : 


(a) 070 (b) 0.50 (c) 0.20 (d) 0.10 
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Q39. 


Q40. 


Q41. 


042. 


Q43. 


Q44. 


Q45. 


Q46. 


Q47. 


A molar solution is one that contains one mole of solute in : 
(a 1000g of solvent (b) 1.0Lofsolvent 
(c) 1.0 Lof solution (d) 22.4Lofsolution 


In which mode of expression, the concentration of a solution remains independent of 
temperature? 


(a) Molarity (b) Normality (c)  Formality (d)  Molality 
How many moles of electron weighs one kilogram? 
(a) 6.022x10? (b  1x107/9.108 


(c) 6.022х10*/9.108 (d) 1x10°/9.108x6.023 

Which has maximum number of atoms? (At. wts are given within brackets) 
(a  24gofC(12) (b) 56g of Fe (56) 

(c) 27g ofAl(27) (d) 108g of Ag (108) 


Dissolving 120 g of urea (mol. wt. 60) in 1000 g of water gave a solution of density 1.15 
g/mL. The molarity of the solution is : 


(а) 1.78M (b) 2.00M (c) 205M (а) 2.22M 


The molarity of a solution obtained by mixing 750 mL of 0.5 M HCI and 250 mL of 2.0 M 
HCI will be : 


(a 0.875M (b  1.00M (c) 1.75M (d) 0.0975M 
The highest mass corresponds to which of the following : 


(a  1moleculeofO, (b  1x10?gmoleofO, 

(c) anO*ion (d) 1moleof0, 

The chloride of a metal has the formula МСІ,. The formula of its phosphate will be : 
(a) М,РО, (b) MPO, (c) | MPO, (d) М(РО,), 


By heating 10 g CaCO,, 5.6 g CaO is formed, what is the weight of CO, obtained in this 
reaction? 


(a 440 (b 440 (c) 220 (d) 22g 
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Q48. 


If 32 g of O, contains 6.022 x 10? molecules at NTP, then 32 g of S, under the same 
conditions, will contain : 


(a)  6.022x10"S (b 3.011x10”S 
(c) 12.044x10"S (d 1x10”S 
049. The total number of protons in 10 g of calcium carbonate is 
(a) 1.5057 x10" (b) 2.0478x 10” 
(c) 3.0115x10" (d) 4.0956 x 10 


Q50. 


Answers 


01. 
Q5. 
Q9. 


Q13. 
Q17. 
021. 
025. 
029. 
Q33. 
Q37. 
Q41. 
Q45. 
Q49. 


How many millilitres (mL) of 1M H, SO, solution is required to neutralize 10 mL of 1M 
NaOH solution? 


(а) 25 (b) 5.0 (c) 10.0 (d) 20.0 
(c) Q2. (а) Q3. (b) Q4. (с) 
(c) Q6. (0 Q7. (b) Q8. (b) 
(c) Q10. (д) Qii. (с) Q12. (a) 
(c) Q14. — (d) 015. (а) Q16. (0) 
(а) 018. (0) 019. (0) Q20. (b) 
(d) Q22. (b) Q23. (a) Q24. (b) 
(b) Q26. (а) 027. (а) 028. (а) 
(а) Q30. (d) 031. (с) 032. (b) 
(c) Q34. (с) Q35. (b) Q36. (a) 
(a) Q38. (0) 039. (а) 040. (d) 
(d) Q42. (а) 043. (с) 044. (а) 
(d) Q46. (0) Q47. (а) Q48. (a) 
(c) Q50. (0) 
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SOME BASIC CONCEPTS OF CHEMISTRY-III 


Significance of Chemical Equations 


A chemical equation describes the chemical process both qualitatively and quantitatively. The 
stoichiometric coefficients in the chemical equation give the quantitative information of the chemical 
process. 


Calculations based on Chemical Equations (Stoichiometry) 

Calculation based on chemical equations are known as stoichiometric calculations. It is of four types. 
1. Calculations involving mass-mass relationship. 
ii. Calculations involving mass-volume relationship. 
iii. ^ Calculations involving volume-volume relationship. 


iV. Calculations involving mole-mole and mole-mass relationship. 


Calculations Involving Mass-Mass Relationship 
Thefollowing steps are used to solve the problem. 
. Write down balanced molecular equations for the chemical changes. 
ii. Write down the number of moles below the formula of each of the reactants and products. 


iii. — Write down the relative masses of the reactants and products with the help of formula 
below the respective formula. These shall be the theoretical amounts of reactants and 
products. 


iv.  Bytheapplication of unitary method, the unknown factor or factors are determined. 


Calculations Involving Mass-Volume Relationship 


These calculations are based on the facts that | mole or | g molecule of the substance occupies 22.4 L 
or 22400 mL at NTP. The following example shows the mass-volume relationship. 


CaCO, + 2HCl = CaCl, + HO + CO, 
1 mol 2 mol 1 mol 
100g 73g 44g 
22.4 Lor 22400 mL at NTP 


Volume of a gas at any temperature and pressure can be converted into mass or vice-versa with the 
help ofthe equation : 
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PV- — ВТ 
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Where wis the mass ofthe gas, Mis the molar mass and R is gas constant. 


Calculations Involving Volume-Volume Relationship 
These calculations are based on two laws : 

i. Avogadro's law and 

li. | Gay-Lussac's law 


For example, 
2NO+ 0, = 2NO, 
2 vol. 1 vol. 2 vol. (Gay-Lussac's law) 


Under similar conditions of temperature and pressure, gases react in simple ratio of their volumes. 
2NO + 0, =  2NO, 
2 mol 1 mol 2 mol 

2x 22.4 litre 22.4litre 2x22.4 litre (Avogadro's law) 


Under similar conditions of temperature and pressure, equal moles of gases occupy equal volumes. 


Example: 
2H,(9) + 0,(9) —» 2H,0(9) 
Mole ratio 2 1 2 
Mass ratio 4g 320 360 
Volume ratio 2 vol 1 vol 2 vol 
Volume at STP 2x224L 22.41. 2x224L 
Molecular ratio 2x6.022 x10? 1x6.022 x 10” 2 x6.022 x 10” 


1. Calculations Based on Mass-Mass Relationship 


Calculate the weight of iron which will be converted into its oxide (Fe,0,) by the action of 14.4 g of 
steam on it. 
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Solution. The balanced chemical equation is : 


3 Fe + 4H,0 > Fe,0,+4H, 
3 mol 4 mol 
3x56 4x18 
= 1680 = 720 
Now 72g of steam react with - 168gofFe 


14.4gofsteam willreactwith = E x 144 


= 33.6gof Fe 


2.  BasedonMass-Volume Relationship 


A sample of lime stone contains 80% CaCO,. Calculate the volume of CO, at NTP obtained by 
treating 25 g of this sample with excess of dil HCI. 


Solution : Mass of pure CaCO, = 25 x0.8- 20g 
CaCO, +  2HCl — CaCl, + HO + CO, 
100g 1 mole 
22.4 Lat NTP 
100 g CaCO, gives CO, at NTP = 22.41 


20 g CaCO, give CO, at NTP = ED - 448L 


3. Based on Volume - Volume Relationship 


One litre mixture of CO and CO, is passed over red hot coke. Volume of the gaseous mixture 
becomes 1.4 litre. Calculate the volume of CO and CO, in the original mixture. All volumes are 
taken under identical conditions. 


Solution : Suppose Volume of CO, = a litre, Volume of CO = (1-а) litre 
CO, reacts with coke (carbon). CO does not react with carbon 


CO, + C = 260 
1 litre 2 litre 
a litre 2a litre 
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Volume of CO formed - 2a litres. 
Total volume ofthe gases = (1-а) + 2a = 1.4 litre 
а= 0.4 litre (volume of CO,) 
1-a=1-0.4=0.6 litre (volume of CO) 
Another method to solve objective questions of stoichiometry is POAC method. 


4. Principle of Atom Conservation (POAC): 


If atoms are conserved, moles of atoms shall also be conserved. This is known as principle of 
atom conservation. This principle is in fact the basis of the mole concept. 


Let us see how this principle works. Consider the unbalanced chemical equation : 
KCIO,(s) —» KCI (s) +0, (g) 

Apply the principle of atom conservation (POAC) for K atoms. 

Moles of К atoms in reactant = Moles of К atoms in products 

Or 

Moles of К atoms in KCIO, = moles of К atoms in KCI. 


Now, since 1 molecule of KCIO, contains 1 atom of K or 1 mol of KCIO, contains 1 mole of K and 
similarly 1 mole of KCI contains 1 mole of K. 


Thus, moles of К atoms in KCIO, = 1 x moles of KCIO, 
And moles of К atoms in KCI = 1 x moles of KCI 
Moles of KCIO, = moles of KCI 

Mass ofKCIO,ing _ Маѕѕ о#КСііпо 


Molar mass of KCIO, Molar mass of KCI 





The above equation gives the weight relationship between KCIO, and KCI which is important in 
stoichiometric calculations. 


Again applying principle of atoms conservation of O atoms, 
Moles of O in KCIO, = moles of O in O,. 


But since 1 mole of KCIO, contains 3 moles of O and 1 mole of O,, contains 2 moles of O thus 
moles of O in KCIO, = 3 x moles of KCIO,. 


Moles of O in 0,=2 x moles of O, 
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Therefore З x moles of KCIO, = 2 x moles of O, 


Or3 x 





Wt.ofKClO,ing _ 2% Volume of O, at NTP 
Mol. Wt. of KCIO, Standard Molar Volume 





The above equation thus gives weight-volume relationship of reactant and product. 


Q.  Asample of KCIO, оп decomposition yielded 448 mL of oxygen gas at NTP. Calculate 


Wt. of oxygen produced 
Wt. of KCIO, originally taken and 


Wt. of KCI produced 
(K=39, C1 2 35.5 and O = 16) 


Solution : 


448 _ 
22400 


Wt. of oxygen = 0.02х 32 2 0.64 g 


Moleofoxygen - 


KCIO, —> KCI +0, 

Apply POAC for O atoms, 

Moles of 0 atoms in KCIO, = moles of O atoms in 0, 

3x moles of KCIO, = 2 x moles of O, 

(1 mole of KCIO, contains 3 moles of O and 1 moles of O, contains 2 moles of O) 
3x Wt.ofKClO,ing _ 2 у Volume at NTP (litres) 








Mol. Wt. of KCIO, 22.4 
з x WL.ofKCIO, _ оу 0.448 
122.5 22.4 


Wt. of KCIO, = 1.634 g. 


Again applying POAC for K atoms 
1 x moles of KCIO, = 1 x moles of KCI 
(1 mole of KCIO, contains 1 mole of K and 1 mole of KCI contains 1 mole of K) 
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Wt. of KCIO, Wt. of KCI 
1x = 1x 
Mol. wt. of KCIO, Mol. wt. of KCI 
1.634 Wt. of KCI 
122.5 74.5 


=> Wt. of KCI = 0.9937 g 

Limiting Reactant — The reactant which is completely consumed in a chemical reaction. 

The reactant producing the least number of moles ofthe productis the limiting reactant. 
А + 2B —— 4C 

Initially 5 mole 12 mole 0 mole 

Finally 0 mole 2 mole 20 mole 

Hence A isthe limiting reactant. 


Or The reactant with the least number of equivalents (or milli equivalants) is the limiting 
reactant. 


Q. 500 mL of 0.25 M Na,SO, is added to an aqueous solution of 15 g of BaCl, resulting in the 
formation of white precipitate of insoluble BaSO,. How many moles and how many grams of 
BaSO, are formed? 


Solution : Reaction involved in the process is : 

BaCl, + Ма,50, —> BaSO, + 2NaCl 

1 mol 1 mol 1 mol 2 mol 

Molarity of Na,SO, is 0.25. Thus, 1000 mL solution contains 0.25 mole Na,SO,. 
Number of moles of Na,SO, іп 500 mL will be 0.125 





MolesofBaCl, - Mass  . 19 . (0721 
Molecular mass 208 


1 mole Na,SO, reacts with 1 mole BaCl, 

0.125 moles Na,SO, will react with 0.125 moles BaSO, 

Required moles of BaCl, > available moles of BaCl, 

Thus BaCl, is limiting reactant. 1 mole BaCl, will give 1 mole Na,SO, 
= 0.0721 moles of BaCl, will give 0.0721 moles of BaSO, 
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MassofBaSO, = number of moles x molecular mass 
= 0.072х233 
= 16.7760 
Neutralization 


° The term neutralization is used for a reaction between an acid and a base or alkali. 
Acid + base = salt + water 
For example, HCI + NaOH —> NaCl+H,0 
° Neutralization is a quantitative reaction. 
A general definition is based on Bronsted & Lowry acid — base theory. 
НА +В" —> А+ ВН“ 


НА represents an acid and B represents a base. Z is an electric charge; negative for ап anion, 
zero, or positive fora cation. When the reaction takes place in water and the base is the hydroxide 
ion, OH-, the reaction can be written as 


НА+ОН —> A+H,0 


When the acid has been neutralized there are no molecules of HA (or hydrogen ions produced by 
dissociation of the molecule) left in the solution. It follows that, in a neutralization reaction, the 
equivalents of base added must be equal to the equivalents of acid present initially. This stage of 
the reaction to be the equivalence point. 


° In all cases : equivalents of an acid = equivalents of a base 
° When neutralization point is reached, N,V, = N,V, 


End point is the point of completion of the reaction indicated by suitable indicator. Hence it has 
additional drop oftitrating reagent but, we use 


NV, = N,V, 


Acid Base Titrations 


Acid or acid mixture can be titrated against a suitable base or vice-versa using a suitable 
indicator. These are Summarized in the following Table. 
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Acid-Base Titrations 





Combination Suitable Indicator Colour Change 


Dmm Strongacid/strongbase | Methylorange ee tae 


| Bromothymolblue | | Yellow | 





"— acid / weak base EU orange Lu 
Weak acid / strong base Phenolphthalein Colourless | Pink 
Es Weak acid / weak base Not suitable for a titration єє EE 


Titration of mixture of bases with two indicators 





Every indicator has a working range 


pH range Behaving as 


Phenolphthalein Weak organic acid 
Methyl orange Weak oraganic base 


Thus methyl orange with lower pH range can indicate complete neutralization of all types of 
bases. 





Extent of reaction of different bases with acid (HCI) using these two indicators is summarized 
below : 





Phenolphthalein 


NaOH 100% reaction is indicated 
NaOH + HCI — NaCl + H,O 


Na,CO, 50% reaction upto NaHCO, 


Stage is indicated 


Na,CO, + HCl —> NaHCO, + NaCl 


Methyl Orange 

100% reaction is indicated 

NaOH + НСІ — NaCl + H,O 

100% reaction is indicated 

Na,CO, + 2HCL — 2 NaCl + H,O + CO, 


100% reaction is indicated 
NaHCO, + НСІ —* NaCl + Н,0+С0, 





B 
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Suppose volume of given standard acid solution (say HCl) required 


for complete reaction of Na,CO, - x mL 


for complete reaction of NaHCO, = y mL 


for complete reaction of NaOH =z mL 


There may be different combination of mixture of bases. We may opttwo methods 


Method | : We carry two titrations separately with two different indicators 


Method 11 : We carry single titration but adding second indicator after first end point is reached 


Results with Two Indicators 





Method | 


Method Il 





Volume of HCI used with indicator 


Volume of HCI used with indicator 





Mixture 


1 NaOH + Na,CO, 


2 | Маон + NaHCO, 


3  |Na,CO, + NaHCO, 











Phenolphthalein | Methyl orange 





Z +X (X +7) 
2 
100% 50% 100% each 
z + 0 (y * z) 
100% no 100% each 
reaction 
X + 0 (X + y) 
2 no 100% each 
50% reaction 








Phenolphthalein | Methyl orange 
added after first 
end point is 


reached 


2 + xX X 
2 
100% 50% (remaining 50% 
Na,CO, is 
indicated) 


y {remaining 
100% NaHCO, 
is indicated] 


p (x * y) 

2 2 

(remaining 50% 
of Na,CO, and 
100% NaHCO, 


are indicated) 
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Solved Examples 


Q1. 


Q2. 


Ans 


A solution containing 2.675 g of CoCl,. 6NH, (molar mass = 267.5 g/mol) is passed through a 
cation exchanger. The chloride ions obtained in solution were treated with excess of AgNO, to 
give 4.76 g of AgCI (molar mass = 143.5 g/mol). The formula of the complexis (At. Mass of Ag = 
108 u) 


(a) {CoCl(NH.,),} Cl, (b) {Co(NH,),} Cl, 
(c) {CoCl,(NH,),} Cl (d) {CoCl,(NH,).} 


Strategy : write a chemical equation of the above process. Calculate the number of moles of AgCI 
and the number of moles of CoCl,. 6NH,. Using the stoichiometry, equate the moles calculated. 


Solution: CoCl,.6NH, = xCl AgNO, x AgCI.L 


Number of moles of AgCI = 418 


143.6 


Number of moles of CoCl,.6NH, = 2.679 


267.5 
n(AgCl) =x. n (Соб1„.6МН,) 
418 Ly 2679 
143.5 267.5 
Х = 3.33 = 3 


The complex is [Co(NH,),]Cl, 

For a reaction A+2B > С, the amount of C formed by starting the reaction with 5 moles of A and 8 
moles of Bis 

(a | 5moles (b)  8moles 

(c) 16moles (d) 4moles 

1 mole of A reacts with 2 moles of B => 5 moles of A reacts with 10 moles of B but we have only 8 
moles of B so Bisthe limiting reagent. 


Now 2 moles of B form 1 mole of C and 8 moles of B will form 4 moles of C-Hence answer is 4 
moles. 
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Practice Question 
Q1. Inthe reaction, 4NH, + 50, > 4NO + 6H,0, when one mole of ammonia and one mole of oxygen 


Q2. 


Q3. 


04. 


05. 


аге made їо react to completion, then 
a.  1.0moleofH,Ois produced b.  alltheoxygenis consumed 
c. 1.5 mole of NO is formed d.  allthe ammonia is consumed 


5mLof0.1 M Pb(NO,), is mixed with 10 mL of 0.02 M KI. The amount of Pbl, precipitated with be 
about 


a. 10° то! b. 10* то! 
c. 2х10* то! d. 4х10° то! 


А solution containing Na,CO, апа NaHCO, is titrated against 0.1 М НСІ solution using methyl 
orange indicator. Atthe equivalence point 


a Both Na,CO, and NaHCO, are completely neutralized 
b. Only Na,CO, is wholly neutralized 

C Only NaHCO,is wholly neutralized 

d. — Na,CO,is neutralized upto the stage of NaHCO, 


A solution containing Na,CO, and NaHCO, is titrated against 0.1 M HCI solution using 
phenolphthalein indicator. At the equivalence point 


a.  BothNa,CO,and NaHCO, are completely neutralized 
b. Only Na,CO, is wholly neutralized 

c. Only NaHCO, is wholly neutralized 

d. Na,CO,is neutralized upto the stage of NaHCO, 


A solution containing NaOH and Na,CO, is titrated against 0.1 M HCI solution using 
phenolphthalein indicator. Atthe equivalence point 


a. Both NaOH and Na,CO, are completely neutralized 

b Only NaOH is completely neutralized 

c.  OnlyNa,CO,is completely neutralized 

d NaOH completely and Na,CO, upto the stage of NaHCO, are neutralized. 
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Q6. А mass of 0.355 g of the compound M,CO,. x H,0 (molar mass of M = 23 g mol") is dissolved in 
100 mL water and titrated against 0.05 M HCI using methyl orange indicator. If the volume of HCI 
consumed is 100 mL the value of x is 


a. 2 b. 5 
Е: d. 10 


07. 20mL ofa solution containing 0.34 g of an impure sample of H,O, reacts with 0.465 g of KMnO, 
(molar mass = 155 g mol") in acidic medium. The percent purity of H,O, is about 


a. 60% b. 70% 
C. 75% d. 80 96 


Q8. A mixture of Na,CO, and NaOH in a solution requires 20 mL of 0.1 M HCI solution for 
neutralization when phenolphthalein indicator is used. The volume consumed is 25 mL when 
methyl orange indicator is used. The mass per cent of Na,CO, in the given mixture is about 


a. 47% b. 5796 
C. 67% d. 75% 
Q9. The mass of AgCI precipitated when 4.68 g of NaCl is added to a solution containing 6.8 g of 
AgNO, is 
a. 452g b. 574g 
c.  7.18g d. 82g 


Q10. Twenty milliliter of a solution is 0.1 M in each of Na, CO, and NaHCO,. It is titrated against 0.1 M 
НСІ using phenolphthalein as the indicator. The volume of HCI used at the end point will be 


a. 10mL b. 20mL 
C. 30mL d. боті 


Q11. An aqueous solution of 6.3 g oxalic acid dihydrate is made upto 250 mL. The volume of 0.1 N 
NaOH required to completely neutralize 10 mL ofthis solution is 


a. 40 mL b. 20mL 
С. 10mL d. 4mL 


Q12. Ten milliliter of 0.01 M iodine solution is titrated against 0.01 M sodium thiosulphate solution 
using starch solution. The volume of sodium thiosulphate consumed upto the end point is 


a. 10mL b. 15mL 
C. 20mL d. 30mL 
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Q13. An aqueous solution of 6.3 g oxalic acid dihydrate is made up to 250 mL. The volume of 0.1 N 
NaOH required to completely neutralize 10 mL of this solution is 


a 40mL b. 20mL 
c. 10mL d. 4mL 
Q14. Inthe standardization of Na,S,0, using K,Cr,0, by iodometry, the equivalent mass of К,Сг,0, is 
a.  (molarmass)/2 b. (molar mass)/6 
c. (тоіагтаѕѕ)/3 d. same as molar mass 


015. An aqueous solution of 6.3 g oxalic acid dihydrate is made upto 250 mL. The volume of 0.1 N 
NaOH required to completely neutralize 10 mL ofthis solutions is : 


а  40mL b. 20mL 
c.  10mL d. 4mL 
Q16. No. of oxalic acid molecules in 100 mL of 0.02 N oxalic acid аге: 
а. 6.022x10” b.  6.022x10" 
c. 6.022х10* d.  6.022x10* 
Q17. 30 mL ofanacidis neutralized by 15 mL of 0.2 N alkali. The strength of the acid is 
a  04N b. 02N 
c.  03N d. 04М 
018. To neutralize 100 mL 0.1 M H,SO,, the mass of NaOH required is : 
a. 40g b. 80g 
c. 040 d. 0.89 


019. 0.16gofadibasic acid required 25 mL of decinormal NaOH solution for complete neutralization. 
The molecular weight of the acid will be: 


a 32 b. 64 
c. 128 d. 256 
Q20. The volume of water to be added to 100 cm’ of 0.5 N H,SO, to get decinormal concentration is 
a.  400cm b. 450cm 
c. 500ст" d. 100ст? 
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Q21. The mass of 70% H,SO, required for neutralization of 1 mol of NaOH is 
a. 49g b. 98g 


c. 70g d. 34g 


Q22. If LPG cylinder contains a mixture of butane and isobutene, then the amount of oxygen that 
would be required for combustion of 1 kg of it will be 


a. 1.8kg b. 2.7К0 
c. 4.5kg d.  3.58kg 
023. 12L of H, and 11.2 litres of Cl, are mixed and exploded. The composition by volume of mixture is 
a. | 24LofHCI b. 0.8LCl,and20.8LHCI 
c. О.8ІН,, 22.41 НСІ d. 22.41 НСІ 
024. If potassium chlorate is 80% pure, then 48 0 of oxygen would be produced from (atomic mass of 
K=30) 
a. 153.12 g of KCIO, b. 122.5 g of KCIO, 
C. 245g of KClO, d. 98.0g of KCIO, 


Q25. The mass of oxygen that would be required to produce enough CO which completely reduces 1.6 
kg Fe,O, (at. mass Fe = 56) is 


a. 240g b. 480g 
c. 720g d. 960g 
Q26. 2.76 g of silver carbonate on being strongly heated yields a residue weighing 
a. 2160 b. 2.480 
c. 2.329 d. 2.640 


Q27. 30g of Magnesium and 30 g of oxygen are reacted, then the residual mixture contains 


a.  60gofmagnesium oxide only 
b.  40gofmagnesium oxide and 20 g of oxygen 
c. 45g ofmagnesium oxide and 15 g of oxygen 
d.  50gofmagnesium oxide and 10 g of oxygen 
Q28. Minimum volume of SO, gas at N.T.P. which reduces 100 mL of 0.1 N K,Cr,0, is 
a. 11.2mL b. 224mL 
c. 40mL d. 112mL 
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Q29. In Haber process, gaseous nitrogen and hydrogen react to form ammonia whose volume as 
compared to that of reactants (N.T.P.) would be: 


a. one fourth b. one half 
б. the same d.  threefourth 


Q30. 4.35 g of a sample of pyrolusite (MnO,) when heated with conc. HCI gave chlorine. The chlorine 
when passed through potassium iodide solution liberated 6.35 g of iodine. The percentage 
purity ofthe pyrolusite sample is 


a. 40 b. 50 
c. 60 d. 70 
Answers 

Q1. (b) (2. (b) Q3. (a) 
Q4. (d) Q5. (d) Q6. (a) 
07. (c) Q.8. (a) Q9. (b) 
Q10. (0) Q11. (а) 012. (c) 
Q13. (a) Q14. (0) 015. (а) 
Q16. (а) Q17. (а) 018. (d) 
Q19. (с) Q20. (a) Q21. (c) 
Q22. (d) Q23. (с) 024. (а) 
Q25. (0) Q26. (a) Q27. (d) 
Q28. (9) Q29. (b) Q30. (b) 
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Practice Questions 

Subjective Type: 

Q1. How many mL of 0.1 N HCI are required to react completely with 1 g mixture of Na,CO, and 
NaHCO, containing equimolar amounts of the two? 

Q2. 0.5g mixture of K,CO, and Li,CO, required 30 mL of 0.25 N HCI for neutralization. What is the % 
composition of mixture. (K=39, Li=7) 

Q3. А solution containing 4.2 g of KOH and Ca(OH), is neutralized by an acid. If it consumes 0.1 
equivalent of acid, calculate composition of sample in solution. 

Q4. Asolution contains 4 g of Na,CO, and NaCl in 250 mL. 25 mL of this solution required 50 mL of 
N/10 HCI for complete neutralization. Calculate % composition of mixture. 

Q5. What weight of Na,CO, of 95% purity would be required to neutralize 45.6 mL of 0.235 N acid? 

Q6. Calculate the normality of the resulting solution made by adding 2 drops (0.1 mL) of 0.1 N H,SO, 
in 1 litre of distilled water. 

Q7. What weight of AgCI will be precipitated when a solution containing 4.77 g NaCl is added to a 
solution of 5.77 g of AgNO,? 

Q8. How much AgCI will be formed by adding 200 mL of 5 N HCI to a solution containing 1.7 g 
AgNO,? 

Q9. What is the normality and nature of a mixture obtained by mixing 0.62 g of Na,CO,. H,O to 100 
mL of 0.1NH,SO,? 

Q10. 0.5 g of fuming H,SO, is diluted with water the solution requires 26.7 mL of 0.4 N NaOH for its 
neutralization. Find the % of free SO, in the sample of oleum? 

Q11. Asample of mixture of CaCl, and NaCl weighing 4.22 g was heated to precipitate all the Ca” ions 
as CaCO, which is then quantitatively converted to 0.929 g of CaO. Calculate the % of CaCl, in the 
mixture. 

012. 10 mL of H,SO, solution [density 1.84 g / cc] contains 98% H,SO, by weight. Calculate the 
volume of 2.5 N NaOH solution required to just neutralize the acid. 

Q13. One gram of a sample of lime stone was treated with 25 mL of 1N HCI solution and the volume 
was made upto 250 mL with water, 25 mL of this solution required 9 mL of 0.1 N NaOH for 
neutralization. Determine the percentage of CaCO, in the sample. 

Q14. Ifa20 mL of 0.5 N NaOH solution is mixed with 30 mL of 0.3 N HCI, find out whether the solution 


is acidic or basic? Calculate the normality of the resulting solution with respect to acidic or basic 
solution. 
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Q15. 


016. 


017. 


018. 


019. 


020. 


021. 


022. 


023. 


024. 


025. 


100 mL of a solution of sulphuric acid, 50 mL, N/10 solution of NaOH of density 1.28 g/cc was 
added and the volume made upto 200 mL, 20 mL of this solution required 17 mL of N/10 Na,CO, 
solution for neutralization. Determine the normality of sulphuric acid solution. 


1.575 g of oxalic acid (COOH), x H,O crystal were dissolved in water and the solution made upto 
250 mL. 20.85 mL of this solution required 25 mL of N/12 NaOH for complete neutralization. 
Calculate the value of x? 


0.7324 g of zinc dust, containing Zn and ZnO were dissolved in dil H,SO, liberated 224 mL of Н, 
at NTP. Calculate the % of Zn metal present in the sample. (Zn = 65.4). 


Find out the molarity of a solution obtained by mixing 2.5 L of 0.1 M NaOH, 500 ML water, 0.05 
mole NaOH and 4 g of NaOH. 


0.1 g of a sample of KCIO, containing some KCI when decomposed yields oxygen that is 
sufficient for complete combustion of 40 mL CO at 27°C and 750 mm pressure. Determine the 
purity ofthe sample. 


A mixture of HCOOH and Н,С,О, is heated with conc. H,SO,. The gas produced is collected and 
treated with KOH solution. The volume of the gas decreased by 1/6". Calculate the molar ratio of 
the two acids in the mixture. 


A sample of NH,CI was boiled with 50 mL of 0.75 N, NaOH till the reaction was complete. The 
remaining alkali was neutralized by 10 mL 0.75 N, H,SO,. What is the amount of NH,CI taken 
initially? 

A gas mixture of 31 L of propane (С.Н,) and butane (C,H,,) on complete combustion produced 
101 Lof CO,. Find out the composition of the gas mixture. 


3.0 g of a sample of blue vitriol were dissolved in H,O. BaCl, solution was mixed in excess to this 
solution. The precipitate obtained was washed and dried to 2.8 g. Determine the % of SO,” 
radical. 

The reaction Zn + CuSO, —» Cu + ZnSO, goes completely to the right. In one experiment 10 g 
metallic zinc was added to 200 mL of CuSO, solution. After all copper is precipitated it was found 
that notallthe Zn had dissolved. After filtration the total solid at the end of the reaction was 9.810 
g. Calculate — 

I. The weight of copper deposited 

li. Molarity of copper sulphate in the original solution 


1.00 g of a mixture consisting of equal number of moles of carbonates of the two univalent 
metals, required 44 mL of 0.5 N HCI for complete reaction. If the atomic weight of one of the 
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metals is 7, find the atomic weight of the other metal. What is the total amount of sulphate 
formed, on gravimetric conversion of 1g of mixture of carbonate? 


Answers 
Subjective : 


1; 
2. 


о соо N e eg 


11. 


157.8ml 

% of K,CO, - 9696 
% of Li,CO, = 496 

% of KOH = 35% 

% of Ca(OH), = 65% 
% of Na,CO, = 66.25% 
% of NaCl = 33.75% 
W =0.5978 9 
N=10° 

W =4.879 
W=1.4359 

0.1N 

Neutral 

% of SO, = 20.78% 
1.84 g, 43% 


12. 
13. 
14. 
19. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 


147.2 ml 
80% 

1/50 М 
0.22М 

2 

89.3% 
0.133 М 
65% 

1:4 

1.6050 
2L&1L 
38.496 

(1) 6.550, (2)0.5M 
23% & 1.41 


UNIT - 2 
STRUCTURE OF ATOM 
Structure of Atom 


The term atom was introduced by Dalton and is defined as the smallest particle of an element that 
retains all its properties and identity during a chemical reaction. 


Thomson's Model of Atom : According to Thomson an atom is a sphere of positive charge in which the 
small negatively charged particles (electrons) are embedded. The number of electrons is sufficient to 
neutralize the positive charge. 


There are three fundamental particles which constitute an atom. These are named electrons, protons 
and neutrons. 


Rutherford's Model of atom : This model was based upon the results of the famous alpha-rays 
scattering experiment. It is also known as 'Planetary model' and can be summarised in following 
points. 


(i) Most ofthe mass and all the positive charge of an atom are present in a very small region called 
the nucleus. 


(ii) Тһе magnitude of the charge on the nucleus is different in atoms of different elements. 


(iii) Electrons revolve in the space around nucleus in different circular orbits and the number of 
electrons is equalto the number of units of positive charge in the nucleus. 


Atomic number (Z) 

Number of protons in the nucleus of an atom = Number of electrons in the extra nuclear part of the 
electrically neutral atom. 

Mass number (A) 


Number of protons + Number of neutrons in the nucleus of an atom. 


Types of atomic species 


e isotopes : Atoms of same element having same atomic number but different mass number. For 
example, isotopes of Hydrogen are , H, ^H, °,H 


e  |sobars : Atoms of different elements having the same mass number but different atomic 


number, e.g., „Аг, K, ^, Ca 


e |<оїопеѕ : Atoms of different elements which contain the same number of neutrons. e.g., С, 
"NS 

e  |soelectronic Species : Atoms or ions containing the same number of electrons. 
For example, N“, O^, F`, Na‘, Mg”, Al* and Ne, having 10 electrons each are isoelectronic 
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Dual nature of light 


Some properties of light can be explained only by considering the wave nature (differaction and 
interference) while some could be explained by the particle nature (photoelectric effect). 
Characteristics of a wave 


e Wavelength (A). Itis the distance between any two consecutive crests or troughs. It is expressed 
in Å, т, cm, pm or nm,. (1À - 10 mor10°cm, 1nm=10°m, 1 pm - 10^ m). 


e Frequency (v). It is equal to number of waves passing through a point in one second. Units аге 
hertz ors" (1Hz-15s). 


e Velocity (c).Itisthe distance travelled by the wave in one second. 
Relationship between c, v and A: c 2 0 XA. 
e Amplitude (а). Itis the height of the crest or depth of the trough. 


e Wave number (v). Itis equal to reciprocal of wavelength (© 4) 


А 
Electromagnetic spectrum. It is the arrangement of electromagnetic radiations in order of increasing 
wavelengths : 
e Cosmic rays <y-rays<X-rays<UV<visible<IR<Microwaves<Radiowaves 
Planck's quantum theory 


e Radiant energy is emitted or absorbed discontinuously in the form of small packets of energy 
called quanta. 


e Energy of each quantum e =h v, h = Planck's constant = 6.626 x 10?' Js 
e _ Total energy emitted or absorbed = nhv (nis an integer) 


Photoelectric effect : When radiation of certain minimum frequency (v,) strikes the surface of a metal, 
electrons are ejected. 


The photoelectric effect was finally explained by Albert Einstein in the year 1905 with the help of 
Planck’s quantum theory. According to this theory, the energy of one quantum of radiation depends 
upon its frequency. Electron would be ejected only if the energy possessed by one quantum is at least 
sufficient to overcome the force by which the electron is held. Thus, it must have certain minimum 
energy which is called threshold energy or work function. Any excess energy given by the quantum 
would go as kinetic energy of the ejected electron. Since according to Planck’s theory, the energy 
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possessed by a quantum is directly proportional to the frequency of the radiation used, the kinetic 
energy of the ejected electron is also proportional to the frequency. 


According to Planck’s Theory 
E=hv 
If threshold frequency for a metal is v,, the energy required to make the electron just free is hv,. The 


kinetic energy of the ejected electron would be equal to the difference is the energy of one quantum of 
the radiation used and the binding energy of the electron 


AE- ho - ho, 
Where AE represents the kinetic energy of the ejected electron which can be equated with it's velocity 
АЕ = % mv" 
or itcan be written as 
Ъ mv! = ho - hv, 
This concept could not be explained by the classical wave theory but the quantum theory could provide 
a satisfactory explanation. 
Emission spectrum of Hydrogen atom 


A spectrum having distinct lines was observed for hydrogen. Rydberg gave a general relation between 
wave number and series of integers 


1 -5 = 109677 (1 - 1 Yom 
À nj n, 
Where 109677 cm’ is called the Rydberg constant. 


Depending upon the different valves of n, and n,, these spectral lines are devided into following groups 
(also called series). For each group of lines n, is constant and n, varies and have values (n, + 1) and 
higher. 


Series Region n, n, 

Lyman UV 1 2 siue 
Balmer Visible 2 ЗА 
Paschen IR 3 А бусы 
Brackett IR 4 0 
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Pfund IR 5 б,,........ 
Нитрһгеу$ Far IR 6 7,0,........ 


These spectral lines split up further in very closely spaced lines when the sample is placed in a 
magnetic field. This phenomenon is known as Zeeman effect. 


Bohr's Model of Atom 


Niel Bohr modified Rutherford's model by adding the concept of quantization of energy. He 
conceptualised that the electrons revolve around the nucleus on fixed circular paths called orbits 
without losing or gaining energy. These are also called energy levels or shells. The energy of different 
orbits їп ап atom in given by the expression 


E .- 2rme 
ni 


For hydrogen like species (i.e. having one electron only) this expression is written as 





E ue 2n z me! 

i, пп 
Substituting the values of m(mass of electron), e(charge on electron) and h(Planck's constant) in the 
expression for hydrogen atom we get 








-18 
E = - LS M Jatom" or 
n 
E =- Ioue eV atom” or 
n 
E = - 1912 kj mor 
n 


Radius of a Bohr orbit is given as 
nh? 
4r Zme' 
_ 5.29x10 "п їй 
Z 
For the first orbit of hydrogen 


г=5.29х10 "т 
=52.9рт 


г = 


n 





r 


n 
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The change in energy when an electron goes from one orbit to another is expressed as 


AE = E T Ена 
The energy gain or loss takes place by the absorption or emission of radiation which are related as 
AE = ho 2. = nc 
À 


Limitations of Bohr’s Model 

It could not explain : 

e Line spectra of multi electron atoms 

e Splitting of lines in magnetic field (Zeeman effect) and in electric field (Stark effect). 


e Three dimensional model of atom 


Significance of Negative sign in energy expression 


The negative sign in the energy expression appears because the energy of a free electron at rest is 
taken as zero. Such an electron would be at infinite distance away from the nucleus and would not 
experience any force of attraction towards it. As it comes closer, it experiences stronger and stronger 
attractive force and its energy would decrease. Since it is less than zero, it would have negative sign. 
The energy of the electron would be lowest in the orbit with n 1 and this most stable state is known as 
the ground level. If the electron has to jump to the next orbit with n = 2, some energy must be given to it 
to overcome the attractive force of the nucleus. Thus in the second orbit, the energy of the electron is 
greater than is the first. Similarly, as the electron shifts from the second to the third, fourth and so as, 
its energy would increase. 


Dual nature of matter and de Broglie Equation 


The French physicist Louis de Broglie postulated the dual nature of moving particles and showed that 
wavelength (A) of the matter wave is related їо the momentum (p) by the equation 


pah h 


p mv 
Where m = mass, v = velocity and h is Planck’s constant. 


Heisenberg’s uncertainity principle - It is impossible to measure simultaneously the position and 
momentum of a microscopic particle with absolute accuracy. If one of them is measured with great 
accuracy, the other becomes less accurate. 


sQ Ov 
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h 
4n 


Ах. Ар > — , Ax-uncertainity in position 





Ap - uncertainity in momentum 


h 
4n 


Significant only for microscopic particles 


AX. m. AV > ‚ Av - uncertainity in velocity 





Quantum Mechanics 


Quantum mechanics takes into account the dual behaviour of matter. An equation, given by 
Schrodinger, which has a better physical interpretation in terms of wave properties is 


^ 

Hv = Ew 
Where A is called hamiltonian and E is the total energy of the electron and w is a mathematical 
function, called wave function. Its square y^ is proportional to the probability of finding the electron at 
a given point. For this reason wy is also called probability amplitude. On solving the schrodinger wave 
equation, three integers appear which can have only some restricted values. These integers are called 
quantum numbers. The three quantum numbers thus obtained are (i) the principal quantum number 
(n), (ii) the azimuthal or subsidiary quantum number (1) and (iii) the magnetic quantum number (m). А 


fourth quantum number is required to describe the electronic configuration of different elements 
which is called the spin quantum number (m,). 


Significance of Quantum Numbers 


Principal Quantum Number (n) identified the main energy level to which the electron belongs. It also 
specifies the average distance of the electron from the nucleus. It can have any integral value greater 
than zeroi.e.,n=1, 2, 3, ... The various value of n are sometimes also designated by the letters K, L, M, 
Niais 


Azimuthal Quantum Number or Angular Momentum Quantum Number (1) determines the shape of an 
orbital and the angular momentum of an electron occupying that orbital. It can have values from 0 to 
(n-1), each of which represents a different sub-energy level or sub-shell. These sub-shells are 
designated as s, р, d, f according to the value of = 0, 1, 2, 3 respectively. The shapes of s, p and d sub- 
shells are shown below. 
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s-orbital p. p, p, 
p-orbitals 





d-orbitals 


Magnetic Quantum Number (m, or m) determines the preferred orientations of orbitals in space. The 
permitted values for m varies from - Ito +1 including zero. 


Spin Quantum Number (s or m,) arises due to the spinning of the electron about its own axis. The spin 
can be clockwise represented by + # or anti-clockwise represented by - ^. 
Electronic Configuration of Atoms 


The arrangement of electrons in various orbitals is called the electronic configuration. This 
arrangement is obtained on the basis of following rules, which constitute the Aufbau Principle. 


(i) The minimum energy rule 
A sub-shell (group of orbitals) with lower energy is filled up first before filling of the subshell with 
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higher energy begins. In other words, the electron must occupy the subshell of the lowest energy. The 
order of energy can be remembered as follows : 


(a) Lower the value of (n+l), lower is the energy of the subshell. For one electron systems like 
Н, Не“, Li” etc., the energy of electrons is governed only by the value of n and not by (n+l). 


(b) Ifthe two subshells have the some (n+l) value, the one with lower n value will have the 
lower energy. Following these points, the sequence of orbitals for filling of electrons 
comes out to be: 


1s, 2s, 2p, 3s, 3p, 4s, 3d, 4р, 5s, 4d, 5p, 6s, 4f, 5d, 6p, 7s, 5f, 6d, 7p and soon. 
(ii) | Pauli’s Exclusion Principle 


It states that no two electrons in an atom can have the same set of values of all the four quantum 
numbers. It can also be said that in an orbital, there can be maximum of two electrons and they 
should be of opposite spin. 


(iii)  Hund's Rule of Maximum Multiplicity 


According to this rule electron pairing in any of the p, d or f orbital does not occur until all the 
orbitals of that sub-shell are singly occupied. 


Suppose in an atom, two electrons have to occupy a p-subshell which has three orbitals. p,, p, and p, all 
of which are of identical energy, In such a situation, two arrangements are possible. Both the electrons 
may occupy the same orbital or different orbitals. The two arrangements may be represented as p,^, p,’, 
р,“ or p., ру, p... In the first arrangement, the electrons are paired while in the second, they are 
unpaired. According to Hund's rule, the more stable arrangement of the two is p,’, p, , р, in which both 
the electrons are unpaired. Thus, if a p-subshell has three electrons, the more stable arrangement 
would be p,’, p,', р, in which all the three electrons are unpaired. 


Half-filled and completely filled sub-shells are more stable due to symmetry or we can say due to 
exchange energy. Hence the configurations (n-1)d" ns' and (n-1)d" пѕ are more stable than (n-1)d'ns* 
and (n-1)d° ns’ respectively. This is reflected in the configuration of elements like Cr(z = 24) and Cu(z = 
29), whose configurations are 192 2s^ 2р° 35° 3p° 3d" 4s' and 1s^2s^ 2p? 35° 3p^ 3d" 4s', respectively. 
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Solved Problems 
Q1. Whatis the energy of an electron (m = 9.1 x 10?'kg) moving with a speed 5.0 x 10’ kilometre per 
second? 
(a  114x10"J (D 11.4x10J 
(с) 22.75x10J (d  22.75x107J 
A (0) 
E=% mv’ 
Givenv 25.0x 10° kms” 25.0x 10" ms" 
Substituting the value 
E=%x9.1x10"'kg x (5.0x 10" ms")’ 
=11.4x 10 kgm's? 
211.4x10^" J 
02. Whatisthe momentum ofa particle which has a wave length of 2A°? 
(a) 3.3 x10” kg ms-1 (b) | 3.3x10?'kg ms-1 
(с) 33x10? kg ms-1 (d) 13.2x10“kg ms-1 
A (a) 
Momentump - h 
À 
h-26.6x10?' kgm's" 
Givend=2A=2x10"m 
Substituting the values 
_ 6.6x 10" kgm's" 
2x10"m 
=3.3x 10” kgms“ 
Q3. Whatis the ratio of energies of an electron is 1st orbits of He’ and H? 
(a) 1:1 (b 1:2 
(c) 2:1 (d) 4:1 


STRUCTURE OF ATOM 
A (d) 
We know that 


Q4. 


Q5. 


En= - 13127 kJ mor! 


n? 


ForH, Z=1andn=1 

E,--1312(1) =-1312kJ mol” 
ForHe Z=2andn=1 

E, =-1312(2}° = -5248 kJ mol" 
E, _ -5248 kJ mol -4 





È, - 1312 kJ mol" 


Radius of which orbit of He* is one half as that of 4th orbit of Be"? 





(a) 1 (D 2 
(c) 6 (d 8 
(b) 
Rn = 5.29x10" xn’ m 

Z 


ForHe':Zz2,nz? 
Fe Be*:Z=4andn=4 
(TN) ye. = 7 (r.)Be^ 


5.29x10"xn? _ 1 , 529x10"x(4y 


2 2 4 
п°=4 


п=2 
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So 2nd orbit of Не“ would have one half radius than that of 4th orbit of Ве”. 


What are the possible values of four enantum numbers (п, І, m, s) for an electron in 4f orbital. 


(а) 4,2,2,4% (b) 4,3,2,+% 
(c) 5,3,2,-% (d) 3,3,1,+% 
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Q6. 


Q7. 


(b) 

Foran electron is 4f orbital 

n-4andfor f orbitall=3 

Possible values for m =-3, -2, -1,0, +1, +2, 43 

and for S = + and -% 

So out of given choices ‘b’ is the correct choice. 

What is the uncertainty in the position of a particle if the uncertainty is its momentum is 3.3 x 10° 
kg ms”. 

(a  1.6x10?m (D | 3.2x10?m 
(c) 32x10?'m (d) 1.6x10?m 
(d) 

We know that 


ax Ap > P 


4n 


h 
4n Ap 


Where h 2 6.62 x 10?' kgm’ s" 

and x 23.1416 

Substituting the values 

Me 6.62x10?' kgm" s" 
4x3.1416 x 3.3 x 10^ kgms" 

=1.6 x 10?m 


ОГАХ = 








If the energy difference between the ground state of an atom and its excited state is 3.0 x 10°, 
what is the wavelength of the photon required to produce this transition? 


(а) 6.62 x 10°cm (b) 6.62 x 10m 
(c) 6.62 x 107m (d) 6.62 x 107cm 
(c) 
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Q8. 


Q9. 


hc 

AE 

Substituting the values h 26.62 х 10° 
c=3 x 105 ms" 

and AE-3 х 10%) 


= (6-62 х 10Us) (3.0 x 10'ms?) 
3 x 10) 


= 6.62 x 10’m 





The ionisation energy of H-atom (in the ground state) is x kJ. The energy required for an electron 
to jump from 2nd to 3rd orbit will be 


(a) x6 (b) 5x 
(c) 72x (d) 5х/36 
(d) 


Theionisation energy in ground state is X kJ, 
so the energy of 1st orbit (E,) = -X kJ 





Energy of 2nd orbit (E,) = - — = - X kJ 
(y 4 
; X X 
Energy of 3rd orbit (E,) = - =-—— kJ 
3! 9 


Energy required to jump from 2nd to 3rd orbit 


isE,-E, = - X -(-X) 
9 4 


4 9 36 


What is the de Broglie wavelength of a 66 kg man skiing down Kufri hill in Simla at 1x10? m sec“? 
(Planck's constant = 6.6 x 10 Js) 


(à  1x10*m (b) 1x10?m 
(c) 1x10%m (d) 1x10?m 
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Q10. 


Q11. 


(c) 


RUPEM 

p mv 
Given That 
h=6.6 x 10? kg m's" 
т = 66kg 
у= 1х10%тѕес" 
Substituting the values 


-34 
x — 6.6 x 10 = 1 x 10% т 


66 х 10 
Which of the following has more unpaired d-electrons? 
(а) Ре” (b) Zn’ 
(с) Nf (d Cu 
(a) 


The electronic configurations for various species are 

Zn' : 1s 2s 2p? 3s^ 3p 4s' 3d" 

Fe”: 1s°2s° 2p? 35° 3p^ 3d? 

Ni” : 1s^2s^ 2p* 3s? 3p? 3d’ 

Qu':1s ^25 2p 3s 3p' 3d" 

Thus maximum number of unpaired electrons are present in Fe” 


Which ofthe following sets of quantum numbers represents the highest energy level in an atom? 


(à n=3,l=1,m=1,s=+1/2 (b n=3,l=2,m=1,s=+1/2 
(c) п=4,1=0, т=0,5=+1/2 (d) п=3,1=0, т=0,5=+1/2 
(0) 


According to (п + 1) гше, the energy of an orbital depends upon the sum of the values of the 
principal quantum number (n) and the azimuthal quantum number (І). Lower the value of (n +1), 
lower is the energy. If two different orbitals have the same value of (n + l), the orbital with lower 
value of n has lower energy. 
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012. 


Q13. 


In option (a), (n+1)=3+1=4 
р), (п+1)=3+2=5 

In option (с), (п +1) =4+0=4 

In option (d), (п +1) =3+0=3 

Thus highest energy level is depicted in option (b). 


( 
In option ( 
( 


The ionisation enthalpy of hydrogen atom is 1.312 x 10* J mol. The energy required to excite the 
electron inthe atom from n, = 1 to n, = 2 is 


(а) 8.51х10° тог (р) 7.56х10°. mol 
(c) 6.56х10° mol (d) 9.84х10°. mol 
(d) 


lonisation enthalpy of hydrogen atom is 1.312 x 10° J mol. This suggests that the energy of 
electron in the ground state (first orbit) is - 1.312 x 10^ тог. 


AE=E,-E, 


-1.312х10°%\ _ (-1.312х10° 
(2 1 


29.84 x 10°) mol" 
Correct option is (d) 
In an atom, an electron is moving with a speed of 600 m/s with an accuracy of 0.005%. Certainty 


with which the position of an electron can be located is (h = 6.6 x 10^ kg m^ s^; mass of electron 
e,-9.1x 10? kg) 





(a 1.52 x 10*m (b 5.10 x 10°m 
(c) 1.92 x 10^ m (d) 3.84 x 10^ m 
(c) 
According to Heisenberg's uncertainty principle : 
Ах x mav = P. 
Ar 
AX = h 
4r mAv 
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Q14. 


015. 


av = 0:005 у 600 = 0.03 
100 


nm 6.6 x 10° 
4 x 3.14 x 9.1 x 10? x 0.03 


=1.92 x 10° m 
Correct option is (с) 





lonisation energy of He* is 19.6 x 10" J atom”. The energy ofthe stationary state (n = 1) of Li” is 
(a) 4.41 x 10" Jatom" (D) -2.2 x 10^ Jatom" 

(c) -4.41 x 10" Jatom" (d) -8.82 x 10" Jatom" 

(c) 

IE--E, 

(E). ы 


EN" Qu. 
-19.6 x 10" _ (Za) 
(E). (@ 
-19.6 x 10” _ 
ED 
Or (E) = -19.6 x 10° х 9 
4 


=-4.41 x 10" Jatom" 
Correct option is (с) 








E 
9 





A gas absorbs a photon of 355 nm and emits at two wavelengths. If one of the emission is at 680 
nm, the other is at 


(a 1035nm (b  743nm 
(c) 325nm (d) 518nm 
(b) 

hc _ he , hc 


A Ry 4, 
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бї бель 
he м А 
О 1] 
305 680 A, 
Or гы 343 2-3 
М 355 680 
_ 680-355 
680x355 
- 1.346 x 10? 
Or X, = 743 пт 
PRACTICE QUESTIONS 
1.  Rutherford's experiment on scattering of o--particles showed for the first time that the atom has 
a. electrons b. protons 
b. nucleus d. neutrons 
2.  Theincreasing order [lowest first] for the values of e/m [charge / mass] for electron [e], proton 
[p], neutron [n] and alpha particles [a] is 
a. ер, п, о b. npeao 
C. п,р, ое d. nope 
3. Bohr’s model can explain 
a the spectrum of hydrogen atom only 
b. spectrum of atom orion containing one electron only 
c.  thespectrum of hydrogen molecule 
d.  thesolarspectrum 
4. Rutherford’s alpha particle scattering experiment eventually led to the conclusion that 


a. mass and energy are related 
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10. 


b. electrons occupy space around the nucleus 

c. neutrons are buried deep in the nucleus 

d. the point of impact with matter can be precisely determined 

The wavelength of the electron emitted, when in a hydrogen atom, electron falls from infinity to 
stationary state 1, would be [Rydberg's constant = 1.097 x 10^ m^] 

a. 91nm b. 192nm 

c.  406nm d. 91x10?nm 


The shortest wavelength in hydrogen spectrum of lyman series, when В, = 109678 cm’ is 

a. 10027А b. 1215.67А 

c. 1127.30А d. 9117À 

The wave number of the spectral line in the emission spectrum of hydrogen will be equal to 8 / 9 
times the Rydberg's constant if the electron jumps from 

a. П=310П=1 b. n=10ton=1 

c. п=910П=1 d. n=2ton=1 


Those species are called isotones which have same 

a. atomic number b. таѕѕ number 

c. number of electrons d. number of neutrons 

Calculate the wavelength of the light required to break the bond between two chlorine atoms in a 
chlorine molecule. The Cl - CI bond energy is 243 kJ mol” 

a 8.18 x 10?m b 6.26 x 10°'m 

c. 4.91 x 10’m d. 411x10^m 

А 600 W mercury lamp emits monochromatic radiation of wavelength 3.315 x 10" m. How many 
photons are emitted from the lamp per second ? 

a — 1x10 b. 1x10” 

c. 1x10" d. 1x10” 
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11. 


12. 


13. 


14. 


15. 


16. 


17. 


Photoelectric emission is observed from a metal surface with incident frequencies v, and v, 
where v, > v, If the kinetic energies of the photoelectrons emitted in the two cases are in the 
ration 2:1, then the threshold frequency v, of the metal is 


p. 9 
h 


а %,-%, 
C  2u-v d. 2v,-v, 


The ratio of the energy of a photon of 2000À wavelength radiation to that of 4000À radiation is 

а М b. 4 

с h d. 2 

Atom of an element has Z electrons and its atomic mass is 2Z + 3. The number of neutrons in its 
nucleus will be 

a 22 b. 4+3 

C. 2+2 d. Z 

If an isotope of hydrogen has two neutrons in its atom, its atomic number and mass number will 
be 

a.  2andi b. Запаї 

c. landi d.  1and3 


Thetriad of nucleithat is isotonic is 

a. SD "N, "E b. “б, ^N, 5E 

C. к “N, "F d. "o ^N, E 

Which ofthe following is deflected most under the effect of electric field ? 
a.  o-rays b. В-гауѕ 

C. yrays d. X-rays 

The frequency of light having wavelength 500 nm is 


а. 5x10^Hz b. 5x10" MHZ 
c. 2x10°Hz d. 6х10°Н72 


UDOON 


A program to give wings to gi students STUDY MATERIAL FOR CHEMISTRY - XI 

18. Theionization energy of He' is 19.6 x 10 J/atom. The energy of the first stationary state of Li" is 
a. -248 х 10 J/atom b.  -4.90 x 10" J/atom 
C. 44.90 x 10" J/atom d. «441 x 10" J/atom 

19. The energy of an electron in the first orbit of hydrogen is -13.6 eV. Which one of the following is 
the second excited state of electron in hydrogen atom? 

a. -3.4eV b.  -6.8eV 
C.  -1.5eV d. | 434eV 

20. The wave number of the radiation emitted when the electron jumps from fourth energy level to 
second energy level in He' is about 
a  20565cm' b.  41030cm" 

c.  82258cm' d. 5141ст" 

21. The energy ofthe second Bohr's orbit of the hydrogen atom is -328 kJ mol". The energy of fourth 
Bohr's orbit would be 
а -1812kJ mol" b.  -164kJ mol" 

c. -82kJ mol” d. -41 kJ mol” 

22. Тһе threshold frequency of a metal is 1 x 10" s”. The ratio of maximum kinetic energies of the 
photoelectrons when the metal is irradiated with radiations of frequencies 1.5 x 10^ ѕ' and 2.0 x 
10^ s" respectively, would be 
a. 3:4 b. 1:2 
p. 12] d. 43 

23. The threshold frequency of a metal ‘M’ is 1.5 x 10" s". The maximum К.Е. of the photoelectrons, 


when the metal is irradiated with radiations of frequency 2.5 x 10" s", would be 
a — 663x10?J b.  10x10^"J 
c.  6.63x10"J d. 1.0x10"J 


UDOON 


STRUCTURE OF ATO M A program to give wings to girl students 


24. 


20. 


26, 


27. 


28. 


29. 


30. 


The de-Broglie wavelength associated with a body of mass 1000g moving with a velocity 100 
ms“ is 

a — 6.62x10?m b.  6.62x10"cm 

c.  6.62x10°%m d. 3.31107 


The H-specturm shows 

a.  Heisenberg’suncertainity principle b. diffraction 

c. X polarisation d. | presence of quantized energy levels 

Correct set of four quantum numbers for the valence (outermost) electron of rubidium (Z = 37) 
is 

а 5,0,0,+% b. 5,1,0,4+% 

C 5,1,1,4+% d. 6,0,0,+% 


The principal quantum number of an orbital is related to the 
a. size ofthe orbital b.  spinangular momentum 


c.  Orientationoftheorbitalinspace а. orbitalangular momentum 


Which one ofthe following sets of quantum numbers represents an impossible arrangement? 


n 1 m S 
a 3 2 -2 % 
b. 4 0 0 № 
BÉ 3 2 -3 № 
d. 5 3 0 -% 


Which of the following has the maximum number of unpaired electrons? 
a Mg” b T 

p y d. Ее” 

The number of nodal planes in a p, orbital is 

a. One b. two 


б. three d. Zero 


(60) 
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31. Theelectrons, identified by quantum numbers n and, (i) n=4,1=1, (ii) n 2 4,12 0, (iii) n 2 3,12 2, 
and (iv) n 23,1 2 Ісап be placed in order of increasing energy, from the lowestto highest, as 

a. (№) < (ii) « (iii) < (i) b.  (ii)«(iv) < (i) < (iii) 
C.  (i)«(iii) < (ii) < (iv) d. (iii) < (i) < (iv) < (ii) 
32. Theorbital angular momentum ofan electron is 2s orbital is 
a. "A A b. zero 
2 27 
c | d vZ P 
2T 2T 
33. Thenumber of radial nodes in 3s and 2p orbitals, respectively are 
a.  2andO b. 0бапа2 
б; 1and2 d. 2and1 
34. Thecorrect set of quantum numbers forthe unpaired electron of chlorine atom is 
n 1 m n 1 m 
а 2 1 0 b. 2 1 1 
C d 1 1 d. 3 0 0 
35. Maximum number of electrons in a subshell of an atom is determined by the following 
a. 21+1 b. 4-2 
с 2m d. 4+2 
36. What is the maximum number of electrons that can be associated with the following set of 
quantum numbersnz2,120,mz 0 
a. 10 b 6 
C. 4 d. 2 
37. Thefollowing quantum number are possible for how many orbitals? n 23,122, m2 +2 


а 1 b. 2 
б. 8 d. 4 
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38. 1#п=3,1=0, т =0, then atomic number is 
a. 12,13 b. 13,14 
b 10, 11 d. 11,12 
39. Thenumber ofelectrons is an atom with atomic number 105 having (n +1) = 8 is 
a. 15 b. 17 
б. 19 d. 21 
40. Which ofthe following set of quantum numbers is not possible ? 
a. n=3,l=2,m=0,s=-% b. n=3,l=2,m=-2,s=-% 
E. nz3,Iz3,mz-3,sz «^ d. n=3,l=1,m=0,s=+% 
41. According to Bohr's theory, angular momentum for an electron is 5th orbit is : 
a. oh b. 25h 
TC TC 
g 2 d, 2h 
h T 
42. Abforbital has 
a. опеподе b.  twonodes 
c.  threenodes d. fournodes 
43. Theazimuthal quantum number for 17th electron of Cl atom is 
а. 1 b. 2 
б. d d. 0 
44. |felectronic structure of oxygen atom is written as 1s' 2s? a if would violate 
a.  Hund’s rule b. Paulis exclusion principle 
б: both aand b d. | noneoftheabove 
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45. 


46. 


47. 


48. 


49. 


50. 


With increase in principal quantum number (n), the energy difference between adjacent energy 
levels in hydrogen atom 


a increases 
b. decreases 

c. remains contant 

d. decreases for lower values of n and increases for higher values of n 

The de-Broglie wavelength of an electron which has kinetic energy of 2.14 x 107 J would be (m, 
=9.1 x 10? kg) 

a 9.3 x 10*т b 93x 107m 

c. 9.3.x 10°m d. 93х10" т 


The nineteenth electron of chromium has which of the following set of quantum numbers? 

a. 3,0,0,% b. 3,2,-2,% 

c. 4,0,0,% 0. 4,1,-1,% 

Which of the following statements is true for chloride ion and potassium ion, which are iso 
electronic? 

a. The have same size 

b. chloride ionis bigger than potassium ion 

б. Potassium ion is bigger than chloride ion 

d. — Sizeofanion depends onthe other cation or anion present 


The configuration 15°, 2s’, 2p? 3s' represents 
a. Ground state of N* b. Ground state of F 
c. Excited state of 0, d. Excited state of neon 


The ground state electronic configuration of chromium is 
a. [Ar] 3d" 4s' b.  [Ar]3d'4s 
c. [Аг]30°45° d.  [Ar]4d 4s" 


UDOON 


STRUCTURE OF ATO M A program to give wings to girl students 


51. What will be the uncertainty in the momentum ofan electron if uncertainty in its position is zero 


a. Zero b > 

4n 

c edl d. infinite 
4n 


52. The electrons distribute themselves to retain similar spins as far as possible in a set of 
degenerate orbitals. This statement relates to 


a. Pauli’s Exclusion Principle b.  Lawofdegeneration 
c. Нига? Rule d. Aufbau Principle 
53. The electron with which of the following values of quantum numbers is expected to possess 
highest energy 
a 3,2,2,% b 4,2,0,% 
C. 4,1,0,-% d.  5,0,0,% 


54. Anelectron with + value for spin quantum number and -1 value for magnetic quantum number 
can not be present in 


a. s-orbital b.  p-orbital 
C.  d-orbital d.  f-orbital 


55. Themaximum number of electrons that can be accommodated in a subshell is given by 
a. 21+1 b. 414+2 
c. 2m d. 2142 


56. Theratio of ionization energy of Hand Beis 
a. 1:1 b. 1:3 
ce 1:9 d. 1:16 


57. Theelectrons present in K shell of any atom will differ in value of which quantum number 
a.  Valueofn b. Value of| 
c. Маіиеоїт d. — Valueofm, 
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58. Cathode rays are 

a. Stream of electrons b. Stream of<-particles 

c. Coloured radiations d. Electromagnetic radiations 
59. Thede-Broglie wavelength for particles having same kinetic energy is 


60. 


61. 


62. 


63. 


a. Independent of its velocity b. Directly proportional to its velocity 
c. Inversely proportionaltoits velocity d. | Unpredictable 


The electron level which allows hydrogen to absorb photons but notto emit is 
а 1s b. 2s 
c. 2р d. 3d 


Which of the following ions has the maximum magnetic moment? 

a Mn” b Ti 

c. Fe” d. Cr 

In Balmer series of lines of Hydrogen spectrum, the third line from the red end corresponds to 


which one of the following inter-orbit jumps of the electron for Bohr orbits in an atom of 
Hydrogen? 


a. 2—5 b. 2—3 
б: 5-2 d. 3—›2 


In a multi electron atom, which of the following orbitals described by the three quantum 
numbers will have the same energy in the absence of magnetic field? 


(i) n=1,1=0,m=0 (i) n=2,l=1,m=1 
(il) п=2,1=0, т=0 (№) п=3,1=2, т=0 
(V) п=3,1=2, m=i 

a. (i) and (ii) b. (ii) and (iii) 

c.  (iii)and (iv) d.  (iv)and(v) 
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64. The uncertainties in the velocity of two particles A and B are 0.05 and 0.02 ms" respectively. The 
mass of B is fivetimes to that of A. The ratio of uncertainties in their positions is : 
a. 2 b. 0.25 
c 4 d. 1 
65. Whatis the lowest energy ofthe spectral line emitted by the hydrogen atom in the Lyman series? 
(һ = Planck's constant, c = velocity of light, R = Rydberg's constant) 
© 5hcR b. AhcR 
36 3 
C. 3hcR d. 7hcR 
4 144 
66. Calculate the wavelength (in nanometer) associated with a proton moving at 1.0 x 10° ms". 
(mass of proton = 1.67 x 10” kgandh 26.63 x 10° Js) 
a.  0.032nm b. 040nm 
c.  25nm d.  140nm 
67. The energy required to break one mole of СІ-СІ bonds in Cl, is 242 kJ mol". The longest 
wavelength of light capable of breaking a single СІ-СІ bond is 
a. 594nm b.  640nm 
c.  7/00nm d. 494nm 
68. The frequency of light emitted for the transition n = 4 to n = 2 of He’ is equal to the transition in H 
atom corresponding to which of the following ? 
a  ns2tons1 b. n=4ton=3 
c.  n=3t0on=2 d.  nes3tons1 
69. Which ofthe following statements is correct for an electron that has the quantum numbers n = 4 


andm=-2? 
a. the electron may be in d orbital. 
b. the electron may be inp orbital 
the electron is іп the second principal shell. 
d. the electron must have a spin +7. 


(66) 
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70. Energy ofan electron is given by 


т) 


-.2478 x o 
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Wavelength of light required to excite an electron in an Hydrogen atom from level n = 1 to n = 2 


will be 


(h=6.62 x 10%*Jsandc=3 x 10° ms?) 


d. 
C. 


Answer 


1.214 x 10" m 
6.500 x 10° m 
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10. 
14. 
18. 
22, 
26. 
30. 
34. 
38. 
42. 
46. 
50. 
54. 
58. 
62. 
66. 
70. 
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2.186 х 10°т 
8.500 x 10" m 
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UNIT - 3 
CLASSIFICATION OF ELEMENTS AND PERIODICITY IN PROPERTIES 


With the discovery of a large number of elements, it became difficult to study the elements individually, 
so classification of elements was done to make the study easier. 
Dobereiner's Triads 
He arranged similar elements in group of 3 and showed that atomic weight (arranged in increasing 
order) of middle element was approximately the arithmetic mean of the other two. 
Drawback of Dobereiner's Triads 
The concept was applicable to limited elements. He could find only 3 such triads. 
New lands law of octaves. He arranged the elements in increasing order of their atomic weights and 
showed that the properties of every eight elements were similar to those of the first one. 
Drawbacks 
1.  Donotaccountthe noble gases. 
2. Applicable to only lighter elements 


Mendeleev's Periodic Law — Physical and chemical properties of elements are a periodic function of 
their atomic masses. 


Mendeleev's periodic table correlated atomic weights with the periodicity of physical and chemical 
properties of the elements. Since the atomic number and not the atomic weight characterizes an 
element, Mendeleev's table had several drawbacks, which were removed in the modern periodic table. 
The modern periodic table is based on the modern periodic law which states that the properties of 
elements are a periodic function of their atomic numbers. (Moselay gave the concept of atomic 
number) 


Drawbacks of Mendeelev's periodic table 


1. Anomalous position of hydrogen – It resembles both halogens as well as alkali metals. It is 
placed above alkali metals. So, its position is not justified. 


2. Anomalous pairs of elements — Some elements with higher atomic weight precede 
elements with lower atomic weight eg. Ar (39.9) precedes potassium (39.1), Co (58.9) 
precedes Ni (58.7). 


3. |. Noplacefor isotopes. 
4. Dissimilar elements arranged together in a group. 
5. No proper place for Lanthanones and Actinones. 


( 68 
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Modern Periodic Law — Physical and chemical properties of elements are a periodic function of their 
atomic number and classified the elements according to their atomic number. 
Long form of Periodic Table (Bohr's table) 
1.  ltisdivided into two categories 
a. Vertical columns — groups 
b. Horizontal rows - periods 
2.  Thereare 18 groups 
3. Тһегеаге 7 periods 


The groups are numbered 1 to 18. The first period consists of two elements. The second and the third 
contain eight elements each. 4" and 5" periods contain 18 elements each. The sixth period contains 32 
elements. The seventh period is incomplete and contains only 27 elements, of which the last five are 
highly unstable and have been synthetically produced and detected. 14 elements of each of the 6" and 
7" periods are shown separately below the main periodic table. 

Division of Elements into s, p, d, f blocks 


° Depending on the particular subshell which is filled up, the 113 elements are divided into 
s, p, d and f block elements. The s and p block elements, corresponding to filling up of the 
outermost shell (the valence shell), show the maximum variation in properties and are 
placed in the main groups of the periodic table (groups 1, 2 and 13 to 18) and are called 
representative elements. 


s-block — Elements in which last electron enters the s orbital of their outermost shell. Since there is 
only one orbital in s block which can accommodate two electrons so there are two groups in s block. 

Group 1 (alkali metals), group 2 (alkaline earth metals) 

General electronic configuration : ns", n 2 2-7 
p-block — Elements in which last electron enters any one of the three p orbitals. Since p subshell has 
three orbitals which can accommodate six electrons so there are 6 groups in periodic table. 

Group 13—18 

General electronic configuration : ns'np"*, n = 2-7 

group 16: chalcogens, group 17 : halogens 

group 18: noble gases 
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Elements of s and p block collectively are called representative elements. 


d-block — Elements in which last electron enters any one of the five d orbitals of their respective 
penultimate shells. Since d subshell has five d orbitals, which can accommodate ten electrons so there 
аге 10 groups in the periodic table. 


Group 3 - 12 


General electronic configuration : (n-1)d"" ns’, n = 4-7. Since properties of these elements аге 
midway between s and p block. They are called transition elements. An incomplete d subshell in 
the atom or its stable ion is a pre — Condition for transition elements. 


The f block elements correspond to filling up of the prepenultimate shell, show very little variation in 
properties and are placed separately as lanthanoids and actinoids outside the periodic table. 
Lanthanum is nota lanthanoid and actinium is not an actinoid. 


General electronic configuration : (n-2) ^" (n-1) d^" ns’, n 26-7 

There are two series in f block 

Lanthanoids (Ce,,-Lu,,) = 4f orbitals are filled 

Actinoids (Th,,-Lr,,,) = 5f orbitals are filled. They are known as inner transition elements since they 
form transition series within d block. 


IU PAC nomenclature of elements 
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addition of ium atthe end 
example — 109-unnilennium 
116-ununhexium 
The number of electrons in the valence shell and the inner shells (d and f subshells) help to assign the 
group number. The principal quantum number of the valence shell specifies the period. 
Prediction of Period, Group and Block of a given element 
1. Period = Principal quantum number of valence shell 


2. Block = Orbital in which last electron enters 


3. Group 
Block group no. 
S number of valence es 
p 12 + number of valence e s 
d numberofe'sin(n-1)d + electron in ns orbitals 


Trends in Physical Properties 
Atomic Radius 
. The size of atoms may be calculated by determining the internuclear distances between 
two atoms and this depends on their state of bonding. 
Types of atomic radii 


1.  Covalent radius — One half of the distance between the nuclei of two covalently bonded 
atoms of same element in a molecule (used for non metals). 


2. Van der waals radius – One half of the distance between nuclei of two identical atoms. 


3. . Metallic radius — One half of the internuclear distance between the two adjacent metal ions 
inthe metallic lattice. 


Van der waals radius » metallic radius » covalent radius 


The size of the cations or anions having the same charge increases with atomic number. The 3+ cations 
of lanthanoides (Z = 58 to Z = 71) however, show a steady decrease with atomic number, due to 
inefficient shielding by the f subshells (lanthanoid contraction). 
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Variation of atomic radius 


Along a period — size decreases from left to right due to increase in effective nuclear charge. 


Size of inert gases are larger than halogens. 


In inert gases all orbitals are completely filled, inter electronic repulsions are maximum. Measured in 
terms of Vanderwaals radius 


Down the group —size increases due to addition of a new energy shell at each succeeding element. 


lonic radius — effective distance from the centre of the nucleus of the ion upto which it exerts its 
influence on its electronic cloud. 


Radius of cation is always smaller than parent atom — size of Mg” is smaller than Mg due to increase 
in effective nuclear charge. 


Radius of anion is always larger than parent atom — size of СГ is larger than СІ due to decrease in 
effective nuclear charge. 
Variation of ionic radii among isoelectronic species 

АЇ“< Mg*« Na'« F< 0*< № 


As the effective nuclear charge increases, size decreases 


lonization Enthalpy 
Minimum amount of energy required to remove the most loosely bound valence electron from an 
isolated gaseous atom so as to convert it into gaseous cation. 
Successive ionization enthalpies 
IE, > IE, > IE, 

After the removal of one electron from neutral gaseous atom, the electrostatic attraction between the 
positively charged ion formed and the electrons increases. 
Factor affecting lonization enthalpy 

1. Nuclear charge- IE increases as the nuclear charge increases. 

2. — Atomicsize — IE decreases as the size increases 


3. Electronic configuration — If an atom contains exactly half filled or completely filled 
orbitals then it has extra stability 
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№: 19225 2р" 

0:1s'2s'2p' 

N has half filled p orbitals, such an arrangement imparts extra stability to it so removal of 
electron is difficult. 


Noble gases have completely filled orbitals so large amount of energy is required to 
remove electron from them. 
Due to stability of the ns’ and ns’ np? configurations, the 1st ionization enthalpies of group 
2 and 15 elements have higher values than expected from the general trend causing an 
anomaly. 

4. Penetration effect of electrons — IE increases as the penetration effect of electrons 
increases. 


S>p>d>f 


If the penetration effect of the electron is more, it will be closer to the nucleus, hence it is 
more firmly held by the nucleus. 

5. Shielding / Screening effect of electrons — As the shielding effect of inner electrons 
increases, ionization enthalpy decreases. 
In multi electron atoms, electrons in the valence shell experience an attractive force from 
the nucleus and repulsive force from electrons in the inner shells. As a result attractive 
force exerted by the nucleus on the valence shell electrons gets reduced by the repulsive 
force exerted by the inner shell electrons. 

B А Ga In TI 

IE, 801 577 579 558 589 
(KJ/mol) 


Ga and In follow after d block elements, TI after d and f block elements. Since d and f 
electrons have poor shielding effect as compared to s and p electrons so IE, of Ga is higher 
than Al. 
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Solved Examples 
Q1. Thecorrectorder of second ionization potential of carbon, nitrogen, oxygen and fluorine is 


Ans. 


Q2. 


Ans. 


Q3. 


Ans. 


a) C>N>O0>F b O>N>F>C 
c) O>F>N>C d) F>O>N>C 


After removal of first electron the configuration of these elements is 
G ds 28 2p 
0° 1s 2s 2p 
N ds 2s8 2p 
F 1s 25? 2p 
Out of these, O has half filled p subshell soto remove e will be most difficult. 


О will have maximum ionization potential then C will leave their readily so as to have empty p 
subshell thus the potential will be least. Out of N and F, F is more electronegative than N and N is 
more electronegative than C thus their ionization potential will be in the same order. Thus the 
order willbe C)O>F>N>C 


The first ionization polential of Na, Mg, Al and Si аге in the order 
a) Na<Mg>Al<Si b Na>Mg>Al>Si 
c) Na<Mg>Al<Si d) Na>Mg>Al>Si 


Across the period the ionization potential increases as the electron enters the same shell so the 
effective nuclear charge increases thus the order for Na, Al, Si is Na < Al < Si but Mg has the 
maximum ionization potential because its configuration is 1s° 2s^ 2p’ 3s’ i.e. completely filled 3s 
subshellthus more stable have the order is Na < Mg > Al > Si 


Which electronic configuration of an element has abnormally high difference between second 
and third ionization energy 

a.  1s°2s°2p°3s' b)  1s'2s/2p'3s/3p' 

с) is 2s 2p d) 1s'2s2p'3s 

15° 25° 2p, the both electrons are removed from 2p so not much difference in the 2 potentials as 
the electrons are removed from the same subshell, same for 15° 25° 2p? 3s', 15° 25° 2p? 35° 3p' 


but for 15° 25° 2p? 3s’ the second and third election are removed from different subshells that is 
3s and 2p thus the high difference will be there. 
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Practice Questions 


1. 


The set representing the correct order of ionic radius is 


(a  Li'»Be*»Na'» Mg” (D  Na'»Li'» Мо » Be” 

(c) Li'»Na'» Mg” > Be” (d) Мо > Ве >> №“ 
Atomic radii of fluorine and neon іп Angstrom units аге respectively given by 
(a) 0.72,1.60 (b) 1.60, 1.60 

(c) 0.72,0.72 (d) None ofthese 

Which one of the following is the smallest in size? 

(a) № (b 0 

(с) К (d) Na 

The correct order of atomic radii is 

(a) N<Be<B (D  F«O*«N* 

(c) Na«Li«K (d) Fe*"«Fe*«Fe* 

The correct sequence which shows decreasing order of the ionic radii of the elements is: 
(a Na’>F>Mg*>0*>Al* (b | 0*»F»Na' »Mg^»AI* 
(c) Al*»Mg*"»Na'»F»0* (9) Na'»Mg"»AP'»0*5F 
Among the elements Ca, Mg, P and Cl, the order of increasing atomic radii is: 
(a) | Ca«Mg«P «CI (b Mg<Ca<Cl<P 

(c) CI«P«Mg«Ca (d) P«Cl«Ca«Mg 

The correct order of the decreasing ionic radii among the following isoelectronic species are 
(a  Ca"»K»S*»Cl (b бЇ>$”>ба”>К' 

(с) S*>Cl>K*>Ca™ (d K»Ca"*»Cl»S* 

The element with the highest first ionization potential is 

(a) boron (b) carbon 

(c) nitrogen (d) oxygen 
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9. Тһе first ionization potential in electron volts of nitrogen and oxygen atoms are respectively 
given by 
(а) 14.6,13.6 (b) 13.6,14.6 
(c) 13.6, 13.6 (d) 14.6,14.6 
10. Which of the following represents the correct order of increasing first ionization enthalpy for Ca, 
Ba, S, Seand Ar? 
(a) Ca«S«Ba«Se«Ar (D S<Se<Ca<Ba<Ar 
(c) Ba<Ca<Se<S<Ar (d Ca<Ba<S<Se<Ar 
11. Amongst the following elements (whose electronic configurations are given below), the one 
having the highest ionization energy is 
(a) [№е]35°, 3p' (b) [Ne] 3s’, 3p? 
(c) [№е]35°3р? (d) [Ar] 3d" 4s 4p? 
12. Which of the following has the maximum number of unpaired electrons? 
(a Мо (b Т” (с) V* (d) Fe* 
13. Theincorrect statement among the following is 
(a) Thefirstionization potential of Al is less than the first ionization potential of Mg 
(D The second ionization potential of Mg is greater than the second ionization potential of Na 
(c) The firstionization potential of Na is less than the first ionization potential of Mg 
(d) The third ionization potential of Mg is greater than third ionization potential of Na 
14. Thesetrepresenting the correct order of first ionization potential is 
(a) K>Na>Li (b Be>Mg>Ca 
(c) B>C>N (d  Ge»Si»C 
15. Which ofthe following represents the correct order of increasing first ionization enthalpy for Ca, 
Ba, S, Seand Ar? 
(a) Ca«S«Ba«Se«Ar (D S<Se<Ca<Ba<Ar 
(c) Ba«Ca«Se«S«Ar (d Ca<Ba<S<Se<Ar 
16. The five successive ionization energies of an element are 800, 2427, 3658, 25024 and 32824 kJ 


mol" respectively. The number of valence electrons is 
(a) 3 (0) 5 (c) 4 (d 2 
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17. Thesecondionization energies of Li, Be, Band C are in the order 


(a Li» C»B»Be (b Li>B>C>Be 
(c) B>C>Be>Li (d Be>C>B>Li 

18. lonisation energies of the following elements increases in the order 
(a) N«O«P«S (0) O<N<S<P 
(c) P«S«N«O (d  S«P«O«N 

Ans. 1 (b) 2 (a) 3 (d) 4 (b) 
5 (b) 6 (с) 7 (с) 8 (с) 
9 (a) 10 (c) 11 (b) 12 (d) 
13 (b) 14 (b) 15 (с) 16 (a) 
17 (b) 18 (d) 
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PERIODICITY AND CLASSIFICATION OF ELEMENTS - Il 


Electron Gain Enthalpy 


Energy released when a neutral isolated gaseous atom accepts an extra electron to form a gaseous 
negative ion. X, «e —— X 


Greater the amount of energy released, higher is the electron gain enthalpy of the element. 

Formation of O` is exothermic but O* is endothermic. 

О (g) «e —>» 0 (g); A „Н=-141 KJ mol" 

О (g) «e —+ 0^(0);л „Н=+780 К) mol" 

After the addition of one electron the atom becomes negatively charged and second electron is to be 
added їо а – vely charged ion. Addition of second electron is opposed by electrostatic repulsion, hence 
energy has to be supplied for addition of second electron to overcome the strong electrostatic 
repulsion between the negatively charged O ion and second electron being added. 

Downthe group 

As the size increases, tendency to add the electron decreases hence electron gain enthalpy becomes 
less — ve. 

Electron gain enthalpy of F is less negative than CI 

Due to the small size, electron — electron repulsions in the compact 2p subshell are large, hence, 
incoming electron is not accepted with the same ease as in Cl. 

Halogens have most - ve electron gain enthalpy 

Valence shell configuration of halogens is ns'np', so they require only опе more electron to acquire 
stable noble gas configuration. So, they have a strong tendency to accept an additional electron. 

Noble gases have positive electron gain enthalpy 

They have completely filled orbitals. Additional electron will be placed in next higher shell. As a result 
energy has to be supplied to add an additional electron. 

Electronegativity 


Itisthe tendency of an atom to attract the shared pair of electrons towards itself. It decreases down the 
group and increases along a period. 
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Electron gain enthalpy Electronegativity 
Tendency of an isolated gaseous atom to | 1 | Tendency of an atom to attract shared 





attract an electron. pair of electrons in a bond. 


Can be measured experimentally. 2 | Cannot be measured experimentally. 


Property of an isolated atom Property of bonded atom. 


4 | Itis constant. 4 | tis not constant. It depends on the 
hybridization of atom and nature of 
other bonded atom. 


Bond Formation 





° Bonds formed between electropositive atoms are metallic, whereas those formed 
between electronegative atoms are covalent. If there is a difference in electronegativity 
values of two bonded atoms a polar covalent bond is formed where percent ionic 
character increases with the increase in the difference in electronegativity. When AEN > 
1.7,the bond is said to have an ionic character greater than or equal to 50% and is referred 
to as an ionic bond (a bond between an electropositive and an electronegative atom). 


° Polarisation of the anion by the cation in an ionic compound leads to the development of a 
covalent character in ionic bonds. Fajan's rules for estimating covalent character states 
that small cations, large anions, large charge on either ion and cations with non-noble gas 
configuration give rise to the covalent character of ionic bonds. 

Diagonal relationship 
Some elements of second period show similarities with elements of third period placed diagonally to 
each other due to same charge / radius ratio. 


Li Be B C 


Ss, Sy, 


Na Mg Al Si 


Anomalous behavior of first element of every group is due to 
1. Small size and high electronegativity 
Ncanformpm—pr multiple bonds whereas P cannot. 
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2.  HighlE 

They form only covalent compounds and not ionic compounds. 
3. Absence of vacant dorbitals 

N cannot form NCI, or R,N = О since it cannot expand its covalence beyond 4 whereas P can form 

PCl,andR,P=0 
Solved Examples 
Q1. Which of the following processes involves absorption of energy ? 

a) Cl+e Сг b) 0+е-0° 

c) O0«eo0 d S+e>S 


Ans. b) 0«e50* 
As electron is being added to anion, whereas in all rest of three, electron is being added to a 
neutral atom which will not have as much repulsion as in case of О 
Q2. Electronic Configuration of most electro negative element is 
a)  1s'2s'2p'3s! b) — 1s°2s*2p°3s° 3p° 
c)  1s'2s'2p d) 1s2s2p'3s3p 
Ans. c) 1s'2s'2p 
15° 25° 2р° 35° 3p^ has completely filled subshell so will not attract e 


15° 25° 2p? 3s' will rather leave e- to achieve stable electronic configuration in 15° 25° 2р° 35° 3p? 
and 15° 25° 2p" will attract election to achieve completely filled p subshell and 2p will do it more 
strongly as itis more closerto the nucleus. 
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Practice Questions 
Q1. The correct order of electron gain enthalpy with negative sign of F, CI, Br and 1, having atomic 


Q2. 


Q3. 


Q4. 


Q5. 


Q6. 


Q7. 


number 9, 17, 35 and 53 respectively is 


(а) 1>Вг> СЕ (b F>Cl>Br>l 
(c) CI>F>Br>| (d Br>Cl>l>F 
The element with positive electron gain enthalpy is 
(а) hydrogen (b) sodium 

(c) oxygen (d) none 


Which ofthe following species has the highest electron affinity ? 


a) F (b 0 
(с) О (d) Na 
The highest electron affinity is shown by 
(а) 0 (b) К 
(c) Cl, (d) F, 


Which of the following represents the correct order of increasing electron gain enthalpy with 
negative sign forthe elements O, S, F and CI ? 


(a) S«O«CI«F (D  F«O«P«N 

(c) F>O>N>P (d N>O<F<P 

The order of decreasing negative electron gain enthalpy of O, S, Se is 
(a) O>S>Se (b) S>O>Se 

(с) 5е>0>5 (d S>Se>0 


The correct order of electron gain enthalpy with negative sign of Е Cl, Br and |, having atomic 
number 9, 17, 35 and 53 respectively is 


(a) F>Cl>Br>l (b Br>Cl>l>F 
(c) Cl>F>Br>l (d) I>Br>Cl>F 


Q8. 


Q9. 


Q10. 


Q11. 


012. 


013. 


014. 
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Elements of which ofthe following groups will form anions most readily ? 
(a) Oxygen family (b) Nitrogen family 
(c) Halogens (d) Alkali metals 


Which of the following represents the correct order of increasing electron gain enthalpy with 
negative sign for the elements O, S, Fand Cl? 


(a) Cl<F<O<S (b O<S<F<Cl 

(c) F«S«0«CI (d  S«O«CI«F 

Which one of the following ionic species has the greatest proton affinity to form stable 
compound ? 

(a NH, (b F 

(с) Г (d) HS 

Electronegativity of the following elements increases in the order 

(a)  C,N,Si,P (b) N,Si,C,P 

(c) Si,P,C,N (d  BSi,N,C 

The correct order of electronegativities of N, O, Fand P is 

(a) F>N>P>0 (b F>O>P>N 

(c) F>O>N>P (d N>O>F>P 

Among the elements B, Mg, Al and K, the correct order of increasing metallic character is 

(a) B<Al<Mg<K (b B<Mg<Al<K 

(c) Mg<B<Al<K (d) Mg<Al<B<K 

In which of the following options order of arrangement does not agree with the variation of 


property indicated against it? 
(a Al*<Mg*<Na*<F (increasing ionic size) 


(b) | B«C«N«0O (increasing first ionization enthalpy) 
(c) 1<Вг<Е< С (increasing electron gain enthalpy) 
(d Li«Na«K«Rb (increasing metallic radius) 
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Q15. 


Q16. 


Q17. 


Q18. 


Q19. 


Q20. 


Which one of the following orders presents the correct sequence of the increasing basic nature 
ofthe given oxides? 


(a)  Al,0,< MgO «Na,0 < K,O 


(b) MgO < K,0 <Al,0, «Na,O 

(c) Na,0 < K,0 < Mgo < Al,0, 

(d) K,O < Na,0 < Al,0,< MgO 

Which of the following sets has strongest tendency to forms anions? 
(a ба, In, TI (b) Na, Mg, Al 

(с) NOF (d) V,Cr, Mn 


On the basis of the modern theory regarding the structure of the nucleus, it has been predicted 
that an element with Z = 114 and A = 298 will be quite stable. Which of the following statements 
regarding this element is likely to be true? 


(a) Itshould belong to the 8" period 


(b) lItshould beatransition metal 
(c) Itshould be a metal in group 14 
(d) Itshould be an inert gas 


The order of decreasing polarity in the compounds Саб, CsF, KCl and MgO is 
(a) | MgO0» Ca0» KCI » CsF 
(b) MgO»KCl» Саб » CsF 
(c) KCl» Саб > CsF» MgO 
(d) CsF>KCl>Ca0>MgO 


To which block ofthe periodic table does the element with atomic number 56 belong ? 

(a  sblock (b  pblock 

(c) dblock (d) fblock 

The electronic configurations of four elements are given below. Which elements does not belong 
tothe same family as others? 

(a  [Xe]4f"5d" 6s (b  [Kr]4d"5s' 

(c) [Ne]3s p (d [Аг] 3а" 4s 


STUDY MATERIAL FOR CHEMISTRY - XI 


Q21. Thesimilarity between Li and Mg is due to 


(a) 
(b) 
(c) 
(d) 


Answers 


similar electronic configuration 
same charge 

same principal quantum number 
similar electronegativity 


C) no о 
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UNIT - 4 
CHEMICAL BONDING AND MOLECULAR STRUCTURE 


Learning Objectives 


After studying this unit the student should be able to : 

e  definethechemical bond and the cause of chemical bonding. 

e explain different types of bonds formed by the atoms. 

e differentiate between ionic and covalent bonds. 

e drawthe shapes and geometries of various molecules by using VSEPR Theory. 

e  understandthe difference between valence band theory and molecular orbital theory. 

e  explainthe hybridization and its relation to the shape of molecules. 

e  writetheelectronic configuration in molecular orbitals for simple diatomic molecules. 

e calculate the bond order on the basis of electron distribution in various molecular orbitals. 
e ргейісіїһе bond strength and magnetic properties of molecules on the basis of MO theory. 
e explain the effect of hydrogen bonding on the properties of molecules. 


Chemical Bonding 


It is observed that the atoms of all the elements, except those for noble gases, tend to remain in 
combined state with the atoms of same or other element. They do not exist as single atoms under 
ordinary conditions. Such atomic aggregates occur as molecules or as giant network. A molecule may 
be defined as a small electrically neutral cluster or group of mutually bonded atoms. A chemical bond 
may be defined as "binding force between two atoms in a molecule". 


Cause of Chemical Bonding 


Inert gases are very stable and show very few chemical reactions. On observing the electronic 
configuration of these gases, it was found that in all noble gases (except helium), the outermost shall 
contains eight electrons (an octet). Helium contains two electrons in the outermost shell. 


It was concluded that the chemical stability of noble gases is due to the presence of eight electrons 
(two in case of helium) in the outermost shell. This electronic arrangement was, therefore, regarded as 
a stable configuration. In case of all other elements which are chemically reactive, the number of 
electrons present in outermost shell is less than eight. These elements combine with each other in 
orderto complete their octet and hence, attain a stable configuration. 


Thus, the cause of chemical combination is to attain a stable configuration of eight electrons in their 
outermost shell (octet rule). However, for hydrogen and helium, the stable configuration is of two 
electrons and is known as duplet. The atoms complete their octets by losing, gaining or sharing 
electrons. 
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Limitations of octet rule 


e Formation of electron deficient compounds like BeCl,, BF,, AICI,. Central atom has less than бе. 


e Formation of hypervalent compounds like PCI,, SF,, IF,, H,SO, in which central atom has more 
than 8 electrons. 


e Formation of compounds of noble gases like XeF., XeF,, XeF,. 
e Oddelectron molecules like NO, NO,. 


Types of chemical Bonds 

Broadly speaking, the chemical bonds are classified into following types: 
i)  lonic bond 
li) Covalent bond 


( 
( 
(iii) Dative bond or Co-ordinate bond 
(iv) Hydrogen bond 

( 


v) Metallic bond 


lonic Bond 
When a complete transfer of electrons takes place from one atom to the other so as to complete their 
octet, the two atoms become oppositely charged ions. These ions are held together by electrostatic 
force of attraction. The bond thus formed between the two atoms is called an ionic bond or 
electrovalent linkage. The number of electrons lost or gained is known asthe electro-valency. 
Factors favouring formation of ionic bond 
e  Lowionization enthalpy (IE) 
e More negative electron gain enthalpy (EGE) 
e High lattice enthalpy (LE) 

If LE + EGE > IE, ionic bond is formed. 


Properties of ionic compounds 


(a) Non-directional nature of ionic bond : These compounds do not exist as individual molecules. 
Instead they are often hard solids, always made up of ions held together by strong electrostatic 
forces of attraction between ions with opposite charge. 


ЕЗ 
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(b) Electrical conductivity : When put into water, the ions fall apart. The solution can thus conduct 
electricity. Similarly, these compounds conduct electricity in the fused state also. 


(c) Melting and boiling points : These compounds generally have high melting points. This is 
because a lot of thermal energy is required to break down the inter-ionic forces and form a liquid. 
Similarly, they possess high boiling points. 


(d) Solubility : These compounds are usually soluble in water but insoluble in benzene or other 
organic solvents. 


Covalent Bond 


When a bond is formed by sharing of electrons by the two atoms the bond formed between them is 
called covalent bond. These mutually shared electrons become the common property of both atoms 
and also counted towards their stable configuration. Each pair of shared electrons is indicated by a line 
==). 

For example during formation of H, molecule, the two hydrogen atoms mutually share their electron. It 
is represented as. 


H«H—oH:HorH-H 


Once the covalent bond has been formed, the two bonding electrons are attracted by the two nuclei 
instead of one, so the bonded state becomes more stable than the non-bonded state. The number of 
covalent bonds formed by an atom is termed as its covalency. The covalency of an atom will be equal to 
the number of electrons, the atom needs to become iso-electronic with a noble gas. For example, in the 
formation of water molecule (HO), covalency of oxygen is two and that of hydrogen is one as shown 
below. 


2H + Q —— H:0:H or H-O-H 
The covalent bond formed by the mutual sharing of one pair of electrons between two atoms is called a 
single bond. It the electron pairs shared between two atoms are two or three then the bond is said to be 
double or triple, respectively. 
Covalent Bond Parameters 


Bond Order : The bond order is the number of bonds present between two atoms in a molecule or ion. 
The bond order is said to be | when there is only one covalent bond formed between two atoms. For 
example 


H 
H-H CI - Ci H-Ç-H 
H 
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The bond order is said to be 2, when there is a double bond between two atoms. For example 


Similarly bond order is 3 when there is atriple bond present between two atoms, as in C=N ion. Bond 
order can be a fraction number also, which is generally in molecules which have resonating structures. 
As in Ozone (0,) molecule 


о —— o 
o^ `o 0^ “о 


There are total three bonds for two oxygen-oxygen links. Therefore Bender order = 3/2 


Bond Length : It is defined as the distance between the nuclei of two bonded atoms. Bond lengths 
depend upon the relative sizes of the atoms and the bond order. For example, the bond lengths of 
hydrogen halides follow the sequence H - F < H - CI < H - Br < H - I because the size of the halogens 
increases down the periodic group as F « CI < Вг <. In case of atoms joined by multiple bonds, greater 
isthe bond order, smaller will be the bond length. 


Bond Enthalpy (Bond Energy) : Energy is released during the process of covalent bond formation 
between atoms which leads to the lowering of energy and energy is required to break a bond. Bond 
enthalpy (orbond energy) is defined as the amount of heat energy that must be supplied to one mole of 
diatoms molecules in gaseous state to separate its atoms in gaseous state. For poly atomic molecules, 
average bond enthalpy is normally considered, which is average enthalpy per bond required to 
dissociate 1 mole of gaseous molecules into their constituent atoms. 


Properties of Covalent Compounds : The covalent compounds are found to possess the following 
general properties, which are opposite to those of ionic compounds :- 


(a) These substances are made up of individual covalent molecules with weak inter-molecular 
forces. 


(b) Because of the weak inter-molecular forces, the substances are gases, liquids or soft solids at 
room temperature. 


(c) These substances when put into water do not undergo ionisation. Hence these substances in the 
fused state or in solution do not conduct electricity. However, in presence of water, some polar 
covalent compounds can ionise and conduct electricity. 
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(d) These substance have low melting and boiling points because less energy is needed to break 
down the weak inter-molecular forces. 


(e) These substances are commonly soluble in benzene and other organic solvents but insoluble in 
water. 


Polarity of Bonds and Molecules 


Non-polar covalent bond - If two similar atoms come close to each other and form a bond by sharing 
their electrons the shared electrons are equally attracted by the atoms as their electronegativity is 
same. Hence, no poles are developed. eg. Cl,, N,, O,, H,. 


Polar covalent bond — When two dissimilar atoms combine together to form a covalent bond, shared 
pair of electrons shifts towards atom having high electronegativity. As a result, more electronegative 
atom acquires - ve charge and less electronegative atom acquires + ve charge forming dipoles eg. HCI. 


The polar character of covalent bonds is measured with the help of a property called dipole moment 
(и). Itis defined as the product of the magnitude of charge and the distance between the two atoms. 


u=qxXd Debye 


Dipole moment is a vector quantity and is represented by +-> with the arrow pointing towards the 
negative end. 


Dipole moment of a molecule is the vectorial sum of the dipole moments of individual bonds. 


lonic bond as an extreme case of polar covalent bond - If electronegativity difference between two 
atoms bonded by a covalent bond is very high, electron can be completely transferred from less 
electronegative atom to more electronegative atom. This results in formation of oppositely charged 
ions bonded by electrostatic forces of attraction. This type of linkage is ionic bond. 


Fajan's Rule : Fajan Discussed the covalent character in ionic compounds and the rule can be 
summarised in following points 


(i) Smaller the cation, greater is its polarising power due to more effective nuclear charge, higher 
will be the covalent character. For example the polarising power of alkali metal cations follows 
the order Li’ > Na‘ > K' > Rb' > Cs' and the covalent character in their chlorides also follows the 
order LiCl > NaCl > KCI » RbCl > CsCl. 


(ii) | Larger the anion, more is the polarisability, hence more is the covalent character. For example 
covalent character in lithium halides follows the order LiF < LiCl < LiBr < Lil. 


(iii) Higher is the oxidation state of the cation, again power of polarisation increases hence the 
covalent character also increases. For example FeCl, has more covalent character than FeCl.,. 


(89) 
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Асі, > MgCl, » NaCl (decreasing covalent character) 


Thevalence shell electron pair repulsion (VSEPR) Theory 


Shapes of a variety of polyatomic molecules are easily predicted with the help of this theory. In any 
molecule, valence electrons can be classified as bonding pairs and non-bonding pairs. Non-bonding 
electron pairs are also known as lone pairs of electrons or unshared pair of electrons. 


The shapes of the molecules or ions are primarily due to repulsions between electron pairs (bonding 
and non-bonding). These pairs try to be as far apart as possible from each other. The shapes are not 
due to repulsions between atoms constituting the chemical species. Repulsion between various 
electron pairs follows the sequence lone pair-lone pair » lone pair-bond pair » bond pair-bond pair. 


A molecule with two electron pairs around the central atom eg. BeCl,, will have linear arrangement 
since this places the electron pairs at maximum possible distance. 


Cl : Be Ci : or Cl-Be-Cl 


The shapes of various AB, type of molecules without lone pairs of electrons are summarised in table 
4.1. 


Table 4.1 Shape of the Molecules and lons Without Lone Pairs of electrons on the Central Atom 


No of Shape of the Bond angle Example 
bonding pairs molecule (BAB) 


B-A-B 180? BeCl,, MgCl, 
Linear 


ВЕ, BCI, 








109.5° CH,, CCI, NH," 
(109° 28’ exact) 
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The geometry of molecules or ions is determined by considering both the types of electron pairs but 
for actual shape, lone pairs are not to be considered. For example in ammonia (NH,) molecule, the 
nitrogen atom contains three bond pairs and one lone pair around it. The molecule is of AB,E type. 
Therefore, the actual shape of the NH, molecule is trigonal pyramidal. However, the H-N-H angles are 
less than the normal tetrahedral angle 109.5°. This decrease in angle in due to the presence of lone pair 
of electrons on nitrogen which repels the bond pairs more strongly than they repel each other. 





Shapes of various AB, Е, type of molecules are summarised in table 4.2. In the above formula E 
represents the lone pair of electrons. 
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Table 4.2 Shapes of the Molecules or lons with Lone Pairs of electrons on the Central Atom 


Shape 


No. of bond- No. of Orientation of 
ing pairs | lone pairs electron pairs (geometry) of 
molecule 


Angular 
or bent 


Trigonal 
pyramidal 


Angular 
or bent 


a h^ 


Tetrahedral 


See saw or 
distorted 
tetrahedral 





4 
3 


1 
2 


= 
AB,E 
ABE, 





Square 
pyramidal 


Square planar 


Octahedral 
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Valence Bond Theory : 


This theory was developed by Linus Pauling and it explains the covalent bond formation between two 
atoms as the interaction or overlap of atomic orbitals. This theory can be described in following points. 


(i) 


(ii) 


(iii) 


A covalent bond is formed when the orbital of one atom is situated in such a way that it overlaps 
with the orbital of another atom, each of them containing one unpaired electron. 


The atomic orbitals overlap and the overlapped region is occupied by both the electrons. These 
two electron must have opposite spin. 


As a result of this overlapping, there is maximum electron density between the two atoms. A 
large part of the binding force of covalent bond results from the attraction of these electrons by 
the nuclei of both the atoms. 


Atoms maintain their individuality. When the bond is formed, only valence electrons from each 
bonded atom are involved and the inner atomic orbitals of each atom remain undisturbed. 


The simplest example of bond formation by atomic orbital overlap is the formation of H, 
molecule. For two hydrogen atoms (say H, and H,) which are infinitely apart i.e. when there is no 
interaction between them, their potential energy is taken as zero. As the two atoms approach 
each other, the electron of H, is attracted by the nucleus of H, and electron of H, is similarly 
attracted by the nucleus of H,. In an isolated hydrogen atom the electron is attracted by only a 
single nucleus, but when two hydrogen atoms are close together, each of the two electrons 
experiences the attractive pull of two nuclei and energy is lowered. There will also be some 
repulsion between the two electrons and the two nuclei. At a certain distance between two nuclei 
these attractive and repulsive forces balance each other. At this distance the two hydrogen 
atoms form a stable grouping called a hydrogen molecule. This critical distance corresponding 
to the minimum energy and maximum stability is called the bond length. The energy decreased 
in this process is called bond energy. 


This idea of electron sharing can also be expressed in terms of orbital overlap. When the two 
atoms are for apart, each electron occupies 1s orbital. As the two atoms approach near to each 
other, their orbitals overlap partly. The two electrons can now be shared through this overlapped 
region. 


Resonance 


The concept of resonance is the outcome of valence bond theory. Resonance is defined as a 
phenomenon in which a molecule or ion can be represented by more than one electronic arrangements 
but none of these structures can explain all the properties of the molecule or ion. Such structures are 
called contributing structures and the molecule is said to have resonance. The actual structure, which 
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can explain all the properties of the molecule or ion, can not be drawn and is called the resonance 
hybrid. The resonance hybrid is more stable than any one of the contributing structures. This extra 
Stability is known as resonance energy. The contributing structures are written by keeping the 
following points is mind. 


(i) In each contributing structure, the position of atoms should be same, only the arrangement of 
electrons may change. 


(ii) ^ Each structure must have the same number of unpaired electrons. 


(iii) The contributing structures should have energies close to each other. The contribution of a less 
stable contributing structure is also less. 


(iv) А more stable contributing structure is one in which the negative charge resides on most 
electronegative atom and positive charge on most electropositive atom. 


(м) Various contributing structures are written with a double headed arrow between them. 


Hybridization 


It is a hypothetical phenomenon which is used to explain the shape of molecules, bond length and 
bond energy. It is considered to be a process in which the atomic orbitals having a little difference in 
their energy mix up and form equal number of orbitals identical in all respects (eg., shape, size and 
energy). These hybridized orbitals of one atom overlap with the orbitals of other atoms to give a final 
shape to the molecule. Hybridization is named on the basis of orbitals involved in the process as 
summarized in the following table 4.3 





Table 4.3 
sp One sand one p Linear 
sp’ ones andtwop Trigonal planer 
sp? one s and three p Tetrahedral 
sp'd one s, three p and one d Trigonal bipyramidal 
sp'd'or d'sp? ones, three pand two d Octahedral or square bipyramidal 
sp'd? ones, three p and three d Pentagonal bipyramidal 
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Dative Bond or Coordinate Bond 


When in the formation of a bond between two atoms, only one atom contributes the pair of electrons 
and the other atom simply participates in sharing, the bond formed is called dative bond or Co-ordinate 
bond. This may be explained as under : 


Inthis case, one atom has its octet complete and has at least one lone pair (unshared) of electrons. The 
lone pair of electrons belonging to the atom with the complete octet is shared with the other atom 
containing an empty orbital and thus a link is established. The atom contributing the shared pair of 
electrons is called the donor while the atom which accepts these shared electrons is called the 
acceptor. This linkage set up between two atoms is represented by an arrow starting from the donor to 
acceptor. 


Effect of Electronegativity on the shapes of molecules 


1.  Effectofchange of electronegativity of the central atom 
Consider the hydrides of Group VI elements and the bond angles in them. 
H,0 Но H,Se H,Te 
104.5? 92.6° 91° 90° 


The central atom involves sp? hybridisation and is surrounded by four electron pairs, two lone 
pairs and two bond pairs. Due to the large lone pair-lone pair repulsions, the bonded electron 
pairs are forced closer to each other and therefore, the bond angle decreases from normal 
tetrahedral angle of 109.5°. 


As we move down the group from oxygen to tellurium, the size of the central atom goes on 
increasing and its electronegativity goes on decreasing. As a result, the force of repulsion 
between the bonded pairs of electrons in H,O is more than the in H,S. The force of repulsion 
between the bonded pairs of electrons decreases as we move from Н,О їо H;Te and therefore, the 
bond angle also decreases in the same order. 


Similar behaviour is observed in the case of hydrides of group V elements as given below : 
NH, PH, AsH, SbH, 
107.3° 93.3° 91.8° 91.3° 
2. Effect of change of electronegativity of the bonded atom 
РЕ, PCI, РВг, РЬ 
97° 100° 101.5° 102° 
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In these molecules, P involves sp? hybridisation forming three sigma bonds and one position is 
occupied by alone pair. As we move from PF, to РІ., the electronegativity of the atom attached to 
the central phosphorus atom goes on decreasing. As a result, the bonding pair moves closer to 
the central atom as shown. Therefore, the repulsive effect between the bonding pairs increases 
and hence bond angle increases. 


Effect of Lone pairs on bond angle 
The bond angle in NO,, NO,” and NO, decreases as: 
NO,' » NO, » No, 


In NO,', there is no unshared electron оп N while in NO, , there is an unshared electron pair on N- 
atom. The unshared electron pair causes more repulsion than an unshared electron. Therefore, 
the bond pairs in NO, are forced more closer than in NO,'. 


0 0 0 0 
Bond angle = 180? Bond angle = 132° Bond angle = 115° 


Molecular Orbital Theory 


Features 

1. | When two atomic orbitals combine or overlap, they lose their identity and form new orbitals. The 
new orbitals formed are called molecular orbitals. 

2. Only those atomic orbitals can combine to form molecular orbitals which have comparable 
energies and proper orientations. 
The number of molecular orbitals formed is equal to the number of combining atomic orbitals. 
When two atomic orbitals combine, they form two new orbitals called ‘bonding molecular 
orbital’ and ‘antibonding molecular orbital’. 

5. The bonding molecular orbital has lower energy and hence greater stability than the 
corresponding antibonding molecular orbital. 

6. The bonding molecular orbitals are represented by o, т, 6 and antibonding are represented by 
o^,n^,0*. 

7. The shapes of the molecular orbitals formed depend upon the type of the combining atomic 
orbitals. 

8. Filling of MO takes place according to following rules: 


(96) 
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Aufbau principle, Pauli's exclusion principle, Hund's rule of maximum multiplicity. 
Conditions for combination to atomic orbitals to form molecular orbitals. 
1.  Thecombining atomic orbitals should have comparable energy 


2.  Thecombining atomic orbitals must have proper orientation 
3. The extent of over lapping should be large 


Bonding Molecular Orbitals Anti Bonding Molecular Orbitals 

1. Formed by additive effect of 1. Formed by subtractive effect of atomic 
atomic orbitals y, = w, + Y, orbitals y, = w, — w, 

2.  lowerenergy, greater stability 2. higher energy, lower stability 

3. represented by c and x 3. represented by o ‘and 


The energy level diagram for molecules of hydrogen to nitrogen is as shown in fig. 1. But it becomes 
different for oxygen, fluorine and neon as show in fig. 2. 


o" (2p) 





ENERGY 








o(1s) 
ATOMIC MOLECULAR ATOMIC 
ATOMIC MOLECULAR ATOMIC ORBITALS ORBITALS ORBITALS 
ORBITALS ORBITALS ORBITALS OF 0-АТОМ ОЕ О, MOLECULE OF 0-ATOM 
ОЕ М-АТОМ ОЕМ, MOLECULE ОЕ N-ATOM 
Fig. 1. MO diagram for N, Fig. 2. МО diagram for 0, 
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Bond order = > % -N) 


N, = №. electrons in antibonding orbitals. 

N, = No. of electrons in bonding orbitals. 
Bond order of N,* 

ols’ e-* 1s! с-25° с-* 25° л2р, n2p, o 2p, 

№, = 9,N, = 4 

В.о. =i (9-4) = >= 2.5 


Bond order of N, 
с-15° с-* 19 02s’ с-*25° 2р, n2p^, 2p, т*2р, 
N, = 10,N, = 5 
B.O. = ч (10—5) = 2 2.5 


Bond order of 0,* 
c-ls! e-* 18° o-28! с-*25° o 2р, n2p, n2p, n"2p, 
М = 10,N. «5 
В.О. = 1 (10-5) - a 2.5 


Bond order of 0,” 
c-ls! с-* 19 028° o*28° с- 2p/ л2р„ n2p^, n" 2p "2p, 


B.O. = 1 (10-8) = 1 


sA 
2 

Stability 

B.O œ Stability 

Bond dissociation energy 


В.О œ Bond dissociation energy 
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Magnetic properties 
Paramagnetic — if unpaired electrons are present. 


Diamagnetic — If all electrons are paired 


Species Bond order Magnetic character 
N, 3 Diamagnetic 

№, 2.5 Paramagnetic 

№, 2.5 Paramagnetic 
№, 2 Paramagnetic 

0; 2.5 Paramagnetic 

0, 2.0 Paramagnetic 

0, 1.5 Paramagnetic 
D- 1.0 Diamagnetic 

Hydrogen Bond 


Whenever a substance contains a hydrogen atom linked to a highly electronegative atom N, О or F, the 
latter attracts the pair of electrons more and becomes slightly negative whereas the hydrogen atom 
becomes a slightly positive end. The negative end of the molecule is attracted by the positive end (i.e., 
Hydrogen atom) of the other molecule and in this way a bond is formed. Such a bond is called a 
hydrogen bond and is represented by a dotted line. Thus the hydrogen bond between the hydrogen 
atom bonded tothe electronegative atom X may be represented as follows: 


---X-H---X-H---X-H--- 


In this situation the hydrogen atom is attached simultaneously to two electronegative atoms. Hence it 
acts as a bridge between the two and is, therefore, called the hydrogen bridge. 


Inter-molecular hydrogen bonding When hydrogen bonding occurs between two or more molecules, 
itis called inter molecular hydrogen bonding. Some examples are- 


(a) Hydrides of Fluorine, Oxygen and Nitrogen : In case of HF, fluorine is highly electronegative 
atom. Thus the fluorine atom attracts the pair of electrons so that F end becomes negative and 
the H end becomes positive. The hydrogen atom of one molecule will attract the fluorine atom of 
the second molecule resulting in the formation of the associated molecule (HF), as shown 
below:— 


(99) 
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H-F...H-F...H-F...H-F 


Similar association is found to occur in water (H,O) and ammonia (Nh,). The existence of 
hydrogen bonds in these compounds is proved by the fact thatthe compounds show abnormally 
high melting and boiling points as compared with other hydrides in the same group of the 
periodic table. 


It may be noted that since chlorine, bromine and iodine are not as highly electronegative as 
fluorine, therefore HCl, HBr and HI molecules do not show hydrogen bonding. 


(b) The water molecules in ice form hydrogen bonds causing association due to which it has very 
open structure. This explains the low density of ice than that of water. Similarly, intermolecular 
hydrogen bonding exists in alcohols and carboxylic acids also. 


Intra-molecular hydrogen bonding When hydrogen bonding occurs within a molecule, it is called 
intramolecular hydrogen bonding. It usually involves linking of two groups leading to the formation of 
a ring structure. An important example of intra-molecular hydrogen bonding is that of o-nitrophenol. 
Boiling point of o-nitrophenol is 214°C as compared to 279°C for p-nitrophenol. Further 
o-nitrophenol is more volatile in steam and less soluble in water than the other two isomers. 


All the above facts can be explained on the assumption that o-nitrophenol contains hydrogen bond 
represented as 
О 


\ 


O--r 


Ё 


oez 


Due to the intra-molecular hydrogen bonding, the solubility of o-nitrophenol in water is also reduced. 
In m- and p- isomers, intra-molecular hydrogen bonding is not possible so inter-molecular 
hydrogen bonding takes place. This explains higher boiling points of m- and p-isomers. 


Conditions for Hydrogen Bonding In case of inter molecular hydrogen bonding, the most important 
condition is that the molecules must contain one hydrogen atom linked to one highly electronegative 
atom. 


In case of intra-molecular hydrogen bonding, the following conditions are favourable for hydrogen 
bonding : 


(i) Тһе molecule should contain two groups such that one group contains H-atom linked to a highly 
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electro-negative atom and the other group should also contain a highly electronegative atom 
linked to a lesser electronegative atom. 


(ii) | The molecule should be planar. 


Strength of Hydrogen Bond The hydrogen bond is a weak bond. The strength of a hydrogen bond is 
20-40 kJ mol” as compared with strength of 200-400 kJ mol” for normal covalent bonds. 


Importance of Hydrogen Bond 


(i) Hydrogen Bonds are important in fixing properties such as solubilities, melting points and 
boiling points and in determining the form and stability of crystalline structures. 


(ii) Hydrogen bonds are important in biological systems. Proteins, for example, contain both 


Усо апа NH group and hydrogen bonds can be formed to bridge the space between H and 
O. The structure and hence the properties of proteins depend upon the existence of hydrogen 
bonds. 


(iii) Hydrogen bonding within a single molecule is one of the chief factors in determining the 
structure of important biological substances. 


Metallic Bonding, Electron-sea model 


In case of metals, the electrons in the outermost shell (valence electrons) are loosely bound, hence 
they are also called as free electrons. The remainder portion of the atom is known as Kernel (which is 
positively charged sphere). These positively charged spheres are packed in a regular fashion. The free 
electrons are mobile in nature and move from one kernel to another throughout the metal lattice. Thus 
the metal crystal may be pictured as an arrangement of positive ions immersed in a 'Sea of mobile 
electrons’. The electrons move in such a way that they are simultaneously near to two or more kernels 
and bind them together. The bond thus formed between the metal atoms is known as Metallic bond. 
Hence a metallic bond may be defined as the bond formed as a result of simultaneous attraction of an 
electron by two or more than two positive ions of the metal. 
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SOLVED PROBLEMS 

Q1. Whichofthefollowing contains both ionic and covalent bonds 
a. Н,0 р. NaOH 
С. C,H,Cl d. CO, 
Solution : b 


Q2. 


Q3. 


There is a covalent bond between oxygen and hydrogen. Oxygen also takes up one electron from 
sodium, forming an ionic bond. 


Na'* O -H 


Compound having sp°d hybridisation is 


a. BF, b. PF, 
b. SF. d. |Р, 
Solution: b 


Phosphorus contains 5 electrons is its valence shell (3s^ 3р"). One of the electrons is excited 
from 3p to vacant За orbital and these orbitals undergo hybridisation leading to sp°d hybrid 
orbitals. 


Which one ofthe following statements is nottrue for salicylaldehyde ? 


a. Itisintra molecularly hydrogen bonded 
b. Itis steam volatile 

C. has higher solubility in organic solvents 
d. has high malting and boiling points 
Solution : d 


It will have low melting and boiling points because it has intramolecular hydrogen bonding. 
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Q.4. Themolecule which has pyramidal shape is 


a. PCI, b. SO, 
B. са а. NO, 
Solution : a 


PCI, is sp? hybridised with one corner occupied by the lone pair of electrons so the net shape of 
the molecule is trigonal pyramidal. 


Q5. Anexample of non-polar molecule is 


a. BF, b. CIF, 
C. PCI, d. SO, 
Solution: a 


BF, is non polar because it has trigonal planar geometry and the dipole moments of individual 
B-F bonds cancel each other. 


Q6. Insolid argon, the atoms are hold together by 


a. lonic bond b. Hydrogen bond 
б. Vander waals forces d. Hydrophobic bonds 
Solution:c 


Argon is a monoatomic noble gas and in solid state these atoms are held together by Vander 
Waals forces. 


Q7. NH,andBF,form an adduct which insolves 


a. lonic bond b. Hydrogen bond 
б. Covalent bond d. Coordinate bond 
Solution : d 


BF,is electron deficient and NH, has a lone pair of electrons. A coordinate bond is formed by the 
sharing of a pair of electrons from nitrogen and a vacant orbital of boron. 
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Q8. 


Q9. 


Q10. 


The internuclear distance in H, and Cl, molecules are 74 and 198 pm respectively. The bond 
length of H-CI is 


a. 272 рт р. 124рт 
б: 136 pm d. 248 pm 
Solution:c 


H-CI bond distance 
= 1^ (N, bond distance) + % (Cl, bond distance) 
= (74) + ^ (198) 2136 pm 


Outermost shell of two elements X and Y have two and six electrons respectively. It they 
combine, the expected formula of the compound will be 


а. ХҮ b. X,Y 
С. Х,Ү, d. Xy, 
Solution: a 


Both the elements can show valency of two. X can lose two electrons to form Х°' whareas Y can 
gain two electrons to form Y^. So the formula of the compound formed is XY. 


Whatis the bond order in H; 

a. -12 b. % 
C. 0 d. 1 
Solution: b 


H, ion will have two electrons in bonding orbital and one in antibonding orbital 
В.О = % (electrons is bonding orbitals —electrons in antibonding orbitals) 
= (2-1)=% 
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PRACTICE QUESTIONS 
1. | Which one of the following molecules is planar? 

a. NF, b. NCI 

b. PH, d. BF, 


Among the following species, identify the isostructural pairs. 

NF., NO, , BF, H,O', NH 

a. [NF, NO, ] and [ВЕ,, HO] b. [NF,, N.H] and [NO, , BF] 
B. [NF, H,O'] and [NO;, BF] d. [NF,, H,07] and [N.H, BF,] 


The number and type of bonds in allyl cyanide аге 
a. 9 (c) and 4 (х) bonds b. 9 (c) and 3 (х) bonds 
C. 8 (c) and 5 (х) bonds d. 6 (c) and 2 (х) bonds 


Which contains both polar and non-polar bonds? 
a. NH,Cl b. HCN 
б: HO; d. CH, 


The molecule that has linear structure is 

a. CO, b. NO, 

C. 50, d. 510, 

The CI-C-CI angle in 1, 1, 2, 2-tetrachloroethene and tetrachloromethane respectively will be 
about 

a. 120° and 109.5° b. 90° and 109.5° 

C. 109° and 90° d. 109.5" and 120° 


The molecule which has pyramidal shape is 
a. PCI, b. 50, 
C. DO d. NO, 
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10. 


11. 


12. 


13. 


14. 


Which of the following are isoelectronic and isostructural ? 
NO,, CO;", ClO, So, 

a. N0;, CO,” b. SO,, NO, 

C. CI0;, C0,” d. ClO, , SO, 


Number of lone pair (s) of electrons in the valence shell of Xe іп XeOF, is/are 
a. 0 b. 1 
С. 2 d. 3 


Which of the following contains maximum number of lone pairs on the central atom? 
a. CIO, b. XeF, 
С. SF, d. l; 


The species having bent-T-shape is 
a. SO, b. BrF, 
б 50, d. OF, 


Molecular Shape of SF,, CF, and XeF, are 


a the same with 2, 0 and 1 lone pair of electrons respectively 
b. the same with 1, 1 and 1 lone pair of electros respectively 

б. different with 0, 1 and 2 lone pair of electrons respectively 
d. different with 1, 0 and 2 lone pair of electrons respectively 


Which ofthe following molecular species has unpaired electrons? 
a. N, b. F; 
C. 0 d. D 


Among the following, the molecule with the highest dipole moment is 
a. CH4CI b. CH,Cl, 
C. CHCI, d. CCI, 
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15. Thetype of hybrid orbitals used by the chlorine atom in CIO, is 
a. sp? b. sp’ 
C. sp d. None of these 
16. Thespecies having bond order different from that in CO is 
a. NO b. NO' 
C CN” d. N, 
17. The correct order of hybridisation of the central atom in the following species NH,, [PtCI,]", PCI, 
and BCI, is 
a. dsp’, dsp’, sp and sp? b. sp’, dsp’, sp'd and sp' 
C. dsp’, sp’, sp’, dsp? d. dsp’, sp’, sp’, dsp’ 
18. Specify the coordination geometry around and hybridisation of N and B atoms in a 1 : 1 complex 
of BF, and Nh, 
a. N : tetrahedral, sp*; B : tetrahedral, sp? 
b. №: pyramidal, sp’; B : pyramidal, sp? 
№: pyramidal, sp’; B : planar, sp? 
d. №: pyramidal, sp’; В : tetrahedral, sp? 
19. Thehybridisation of sulphur in sulphur dioxide is 
a. Sp b. sp. 
C. sp’ d. dsp’ 
20. Ofthe following compounds, which will have a zero dipole moment? 
a. 1, 1-dichloroethylene b. cis—1, 2-dichloroethylene 
p. trans-1, 2-dichloroethylene d. None of the above 
21. Thespecies in which the central atom uses sp —hybrid orbitals in its bonding is 


a. PH, b. NH, 
С. CH, d. SbH, 
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22. Which one of the following compounds has sp*-hybridisation? 


a. CO, b. 90, 
с. №,0 d. CO 


23. Thegeometry and the type of hybrid orbital present about the central atom in BF, is 
a. linear, sp b. trigonal planar, sp’ 
С. tetrahedral, sp? d. pyramidal, sp? 


24. Thecorrect order of increasing C—O bond length of CO, CO,’ CO, is 
a. C0. ec, «00 b. C0,«C0," «CO 
б; CO «C0, «CD, d. CO «C0,« C0,” 


25. Thegeometry of H,S and its dipole moment are 
a. angular and non-zero b. linear and non-zero 


С; linear and non-zero d. linear and zero 


26. Thehybridisation of atomic orbitals of nitrogen in No,', NO, , and NH,’ are 


a sp, sp’ and sp’ respectively 
b. Sp, sp’ and sp’ respectively 
б. sp’, sp and sp’ respectively 
d. sp’, sp’ and sp respectively 


27. Amongst H,O, H,S, H,Se and H,Te. the one with the highest boiling point is 


a H,O because of hydrogen bonding 
b. H,Te because of higher molecular mass 
b. H,S because of hydrogen bonding 
d. H,Se because of lower molecular mass 


28. Themolecule which has zero dipole moment is 
a. CH,Cl, b. BF, 
C. NF, d. CIO, 
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29. Which ofthe following is paramagnetic? 
a. 0, b. CN 
C. CO d. NO* 
30. According to MO theory. 
a 0, is paramagnetic and bond order greater than 0, 
b. 0, is paramagnetic and bond order less than О, 
б. 0, is diamagnetic and bond order is less than 0, 
d. 0, is diamagnetic and bond order is more than О, 
31. Inthe compound CH,2CH-CH,-CH,-CsCH, the hybridisation of carbon atoms involved in C,-C, 
bond is 
a. Sp-sp' b. р-р? 
с. sp-sp? d. sp-sp’ 
32. Which one ofthe following molecules is expected to exhibit diamagnetic behaviour? 
a. C, b. №, 
C. 0, d. 0, 
33. Number ofr bonds and c bonds in the following structure is 
a. 6,19 b. 4, 20 
б. 5,19 d. 5,20 
34. InPO;' ion, formal charge on the oxygen atom of P-O bond is 


a. +1 b. -1 
C. -0.75 d. 10.75 
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35. Hydrogen bondis strongest in 


a. S-H....0 B. 0-H 
б. F-H...F d. F-H 


36. Formalcharge on two О atoms in 


5 
wÁ Ne 
o 0: 
а. -1,+1 b. -1,0 
C. 0,+1 d. —-1,-1 


37. The pair likely to form strongest hydrogen bonding is 
а. H,0, and H,O b. HCOOH and CH,COOH 
С. CH,COOH and CH,COOCH, d. SiH, and SiCI, 


38. Which ofthe following has highest boiling point? 
a. NH, b. PH, 
C. SbH, d. AsH, 


39. Ratio of to c bonds in benzene is 
a. 1:2 b. 1:6 
б. 1:4 d. 1:1 


40. Thecorrect decreasing order ofthe boiling points of H,O, HF and NH, is 
a. HF > H,0 >NH, b. H,0 > HF > NH, 
b NH,» HF» HO d. NH,» HO» HF 


41. Inwhich of the following substances will hydrogen bond be strongest? 
a. HCI b. H,0 
б. Н! d. H,S 


UDA D N 
A program to give wings to gi students STUDY MATERIAL FOR CHEMISTRY - XI 
42. Thenumberoftypes of bonds between two carbon atoms in calcium carbide is 


a. one sigma, one pi b. two sigma, one pi 


б. two sigma, two pi d. one sigma, two pi 


43. Which of the following has highest bond angle? 
a. NO,” b. NO, 
С: NO, d. NO, 


44. Thecorrect order of bond angles (smallest first) in 
a. Ho «NH, < SiH, < BF, b. NH, < Ho < SiH, < BF, 
C. Н,5 < SiH, < NH, < BF, d. Н,5 < NH, < BF, < SiH, 
45. The correct order in which the 0—0 bond length increases in the following is 
a. 0,<H,0,<0, b. 0,<H,0,<0, 
C. Hi e. «0. d. 0,<0,<H,0, 
46. Which one ofthe following compounds has the smallest bond angle in its molecule? 


a. OH, b. SH, 
C. NH, d. SO, 


47. Thecorrectorder of C—O bond lengths among CO, CO," and CO, is 


8. CO «C0,« C0, b. CO, <С0, «CO 

б; С0<С0, «CO, d. CO,” «C0,« CO 
X 

X 
48. Dipole moment of is 1.5 D. The dipole momentof y x is (X = halogen) 

X 

a. 1.5D b. 2.25D 

C. 1D d. 3D 
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49. Likely bond angles of SF, molecule are 
a. 89° 117? b. 120°, 180° 
C. 45°, 118? d. 117?, 92? 


50. Which ofthe two ions from the list given below have the geometry that is explained by the same 
hybridization of orbitals : NO, , NO,, NH, , М, SCN? 


a. NO, and NO, b. NH; and NO, 
С. SCN and NH; d. NO; and NH, 
Answers 

1 d 2 C 3. b 4 C 
9 а 6 а ri à 8 a 
9 b 10. 11 b 12. d 
13 C 14. a 15 a 16. a 
17 18. а 19: C 20. E 
21 C 22 b 23 b 24. d 
25 à 26 b 27. a 28. b 
29 a 30. a 31 32. а 
33. C 34. C 35 C 36. b 
37. b 38. a 39 C 40 b 
41 b 42. d 43 а 44. а 
45. d 46. b 47 à 48. C 
49 а 50 а 


UNIT - 5 


STATES OF MATTER : GASES AND LIQUIDS 


LEARNING OBJECTIVES : 


After studying this unit you will be able to 


Explain the three states of matter with respect to intermolecular forces and thermal energy 
between the particles. 


Define the different gas laws which explains the behavior of ideal gases. 
Differentiate between ideal gas and real gas. 

Explain the behavior of real gases. 

Understand the liquefaction phenomenon of gases. 


Explain the equilibrium between gaseous and liquid state and the continuity between the 
two states. 


Describe some properties of liquids and explain some natural phenomenon exhibited by 
them. 


Solve problems based on gas laws, gaseous behavior, liquefaction of gases and also on 
properties of liquids. 


aQ Ov 
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States of Matter 


General Idea 
° Matter can exist (mainly) in three states viz; solid, liquid and gas. 


° State of matter is determined by the nature of intermolecular forces, molecular 
interactions and thermal energy of particles. 


° Change in the physical state does not change the chemical properties of a substance. 
. Rates of Chemical reactions depend upon the physical state. 
° Physical laws govern the behavior of matter in different states. 


Intermolecular Forces 
. Forces of attraction and repulsion between interacting particles (atoms and molecules). 


° Covalent bonding is not intermolecular force. 


Van der Waals Forces 
° Attractive intermolecular forces. 


° These forces include dispersion forces or London forces, dipole-dipole forces and dipole- 
induced dipole forces. 


. lon-dipole forces are not van der Waals forces. 


Dispersion forces or London Forces 
° Force of attraction between two temporary instantaneous dipoles. 
° There forces are always attractive. 
° Interaction energy ec 1/r?, where r is the distance between the two particles. 


Dipole – Dipole Forces 
° Present between the molecules possessing permanent dipoles. 
° For stationary polar molecules : interaction energy œ 1/r? 


° For rotating polar molecules : interaction energy œ 1/r°where, r= distance between polar 
molecules. 
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Hydrogen - bonding 


Aspecial case of dipole-dipole interaction. 

Exists in the molecules which are highly polar containing N-H, O-H or H-F bonds. 
Energy of H-bond = 10 to 100 kJ mol”. 

One of the important forces in proteins and nucleic acids. 

It determines the structure and properties of many compounds. 


Dipole – Induced Dipole Forces 


Exists between polar molecules having permanent dipole and non-polar molecules. 
1 


Interaction Energy ес — where, r= distance between two molecules. 
r 


Existence of the three states of matter - It is due to the balance between intermolecular 
forces and the thermal energy of the molecules. 


Predominance of intermolecular interactions 
Gas — liquid — solid 
Predominance of thermal energy 


Gas «— liquid «— solid 


Comparison between gaseous and liquid states 


* Highly compressible 
e Much lower density than solids and liquids 
e Volume and shape are not fixed 


* Interactive forces are negligible * Interactive forces are stronger than those 
in gaseous state. 





e Behaviour of gases is governed by general e No such general laws exist. 
laws of gases 
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The Gas Laws 
1. Boyle's Law (p- V relationship) 
At constant T & n (no. of moles) 


1. 
Р® у 


pV-Constant ог  logp-«log V-log К 
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Ata constant temperature, the pressure exerted by a fixed mass of a gas is inversely proportional 


to its volume. 


Graphical Representation 


Isotherm - line / plot between p & V at constant temperature for a given amount (n) of the gas. 


Isobar - line / plot between Vand / at constant pressure (p) and n. 


Isochore - line / plot between pand / at constant volume (V) & n. 











p 
(bar) 600 K 
400 K 
200 K 
V (dm) —. 
(a) 
| TT 
V 
p т, 
Т, 
Т, 
р -o 
(c) 


All the graphs shown above are isotherms 


T,>T,>T, 


Note : At high pressures, gases deviate from Boyle's law. So, a straight line is not obtained in the 


graph of ру (1/V). 
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Relation between density (d) and pressure of a gas 


d- m and pv=k (Boyle's law) 
IM n_i 
Apo 


-» Ataconstant T, density of afixed mass of the gas is directly proportional to the pressure. 


2. Charles’ Law ( T- Vrelationship) : 
Atconstant Pand n 
Ve Т 


V 
— = Constant 
T consta 





ЖЕРК ҮЛЕ: 
Т, Т, 7 Т, 
For a fixed mass of a gas, at a constant pressure, the volume of a gas is directly proportional to its 
absolute temperature. 


і.е. 




















Kelvin Temperature Scale or Absolute Temperature Scale 
T= (273.15 + t'C) K 


Also, known as thermodynamic scale of temperature. 
Graphical Representation 


| р, Di» р> P3> р, 





-300 -273.15 100 0 100 O 100 200 300 400 
тес) — TAK) — 


The graphs shown above are isobars 


Absolute Zero (the lowest possible temperature) — The lowest hypothetical or imaginary 
temperature at which gases are supposed to occupy zero volume. Absolute Zero is equal to 
—273.15°C 
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Note: 1. Allgases obey Charles’ law at very low pressures and high temperatures. 


2. Boyle's and Charles’ law are examples of a limiting law, a law i.e. strictly true only in 
certain limit in this case р О. 


3. GayLussac's Law (p- T relationship) 


p = T(V,nconstant) 


P — constant 
т 

Pi Р 

Т, T, 


Graphical representation 


V, « V;« V« V, 





The graphs shown above are isochores. 


4. Avogadro's Law ( V-n Relationship) :At constant pand T 
Ven 
V-kn 


° This law states that equal volumes of all gases under similar conditions of temperature 
and pressure contain equal number of molecules. 


e No.of molecules in one mole of a gas = 6.022 x 10” = N, (Avogadro constant). 
° Molar Volume - Volume occupied by one mole of each substance. 


° Itcontains the same number of molecules i.e. N,. 
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Molar Volume at different Tand Pare as follows : 


Conditions Temperature | Pressure | Molar Volume 


NTP (Earlier also 273.15 K 1 atm 22.4 L mol” 
called STP) 


STP 273.15 K 22.7 L mol” 
SATP 298.15 K 24.8 L mol” 


° STP : Standard Temperature and Pressure 








. NTP : Normal Temperature and Pressure 
° SATP : Standard Ambient Temperature and Pressure 


No. of moles, n = m (N- no. of molecules) 


A 





or 
n = т [т = mass ofthe gas 
M M = molarmass 
Vak 
M 
М = к. 
V 
M- kd 











where, d = density of the gas 
= density ofa gas œ molar mass (M) 


Ideal gas equation or Equation of State 
- It describes the state of any gas 


- Combine Boyle's law, Charles' law and Avogadro's law 


V œ 4 (at constant T & n) Boyle's Law 
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V œ T(atconstant p & n) Charles Law 
V œ n(atconstant 7 & P) Avogadro's Law 


4 


PV = nHT = It is the approximate equation of state of any gas and becomes 
increasingly exact as pressure of the gas approaches zero. 


R = Universal Gas Constant. 


5. Combined Gas Law: 
р, V, = р» ү, 
T; T, 
. Ideal gas equation in terms of density (Relationship between molar mass and density of a 
gas) 


р = dHT (Misthe molar mass, dis the density) 
M 


° Values of the gas constant : 
0.0821 L atm K“ mol” 
82.1 cm^ atm К' mol” 
0.083 bar dm’ K” mol” 
- Inthe C.G.S. units 
8.314 x 10' ergs K“ mol” 
- In S.I. units 
8.314J K” mol” (10'erg-J) 
- In terms of calories 
1.987 calories К’ mol” (4.184 J = I calorie) 
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Dalton's Law of Partial Pressures : Law is valid for non-reacting gases, at constant volume & constant 
Temperature. 


Prota = №. + D; + Юз + —- (at constant T, V) 

where, Praa = Total pressure exerted by the mixture of gases 

Pa, Pa, ----- = partial pressures of gases, 1, 2-------- res. 

Gases are generally collected over water and therefore are moist. 
Сау = Proar Aqueous Tension 

Aqueous Tension : Pressure exerted by saturated water vapour. 
ы: Total pressure of the moist gas. 

Partial Pressure in terms of mole fraction 

D; = X Poa 

where, р = Partial pressure of the i" gas 

x, = mole traction ofthe i" gas. 


Different Pressure units and their relation 


1Pa-1Nm^or1kgm's* 

1 bar=10°Pa 

1 atm = 101.325 kPa 

1 Torr = (101325 / 760) Pa = 133.32 Pa 
1mm Hg = 1 Torr = 133.322 Pa 

1 Psi 2 6.894 kPa 

* Psi = Pound per square inch 


Standard pressure = 1 bar 


Normal pressure - 1 atom 


Graham's Law of diffusion / effusion 


At constant Tand p 


re |1 
d 


where г= rate of diffusion 
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d= density of the gas 


A | 


where M, and M,are the molar masses 


If two gases are taken at different pressures, then, as greater the pressure, greater is the 
number of molecules hitting per unit area, greater is the rate of diffusion. 


Ir a Pe |% „р, | 
[2 D; d, D; M, 


For two gases undergoing diffusion at the same pressure but at two different 
temperatures: 


m {| A M, 

de. үа, T, M, 

Comparison of volumes of two different gases effused / diffused during the same time 
interval 


E Vit. Vy Pd... M, 
Г» л V, d, M, 
where V, is the volume of gas 1 diffused / effused in time tand V, is the volume of gas 2 


diffused / effused in the same time t under the same conditions of temperature and 
pressure. 














Comparison of times taken for effusion / diffusion of the same volume of two different 
gases 


кы г р x ld. _ М, 
h Wd t d, M, 


where, t, is the time taken for the gas 1 for effusion / diffusion of volume Vand t, is the 
time taken for gas 2 for effusion / diffusion of the same volume under the same conditions 
oftemperature and pressure. 





Kinetic Molecular Theory of Gases : This theory helps us to understand the behavior of gases. This 
theory provides a microscopic model of gases. 
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Postulates / Assumptions 


Gases consist of large number of very small identical particles (atoms or molecules) 
which are so for apart on the average that the actual volume of the molecules is negligible 
as compared to the empty space between them. 


This explains the high compressibility of gases 
No force of attraction between the particles of agas. 


Particles, within the container, are in ceaseless random motion during which they collide 
with each other and with the walls of the container. 


All the collisions are perfectly elastic i.e. total energy of molecules before and after the 
collision remains same. The energy may, however, be transferred from one molecule to 
the other on collision. 


Due to the bombardment of the molecules on the walls of the containing vessel, pressure 
is exerted by the gas on the walls of the containing vessel. 


Particles of the gas move in straight line (i.e. it obeys Newton's first law of motion). 


At any particular time, different particles in the gas have different speeds and hence 
different kinetic energies. 


Average K.E. of the gas molecules is directly proportional to the absolute temperature. 
KE.e T or KE. œ u 

% mu e T 

U «= T 

ue T 


i.e. Molecular velocity of any gas is directly protional to the square root of temperature. 


Kinetic Gas Equation 


pV- 


1 mNc 
3 


p= Pressure exerted by the gas, V- volume of the gas 


m = Mass of each molecule, N- total no. of gas molecules 


c- Root mean square speed = О. 
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Different Type of Speeds possessed by molecules 


Most probable speed (U,,) – speed possessed by maximum number of molecules. 


ju [en LO EXT 
M m 


M = mass of 1 mole of molecules i.e. molar mass 


m- mass of 1 molecule 
Average speed (U) - Average speed possessed molecules of a gas at a given temperature. 
О, = 8HT = 8kT 
\т M \тт 


Root mean square speed (U) – Square root of mean of the squares of the speeds of different 
molecules of the gas at a given T 


Un = {ЗЕТ „ [KT 
М т 


Comparison of different speeds 
Ums: Un: Шь=1:0.92:0.82 
О > U. > Ui 


Maxwell - Boltzmann distribution 
of molecular speeds 


Fraction of Molecules — 





Another relation between speeds 
Um: Un: Ums = 121.128 : 1.224 


sQ Ov 
UDAPRN 
A program to gie wings to gir students STUDY MATERIAL FOR CHEMISTRY - XI 


Ideal and Real Gas 
Ideal gas 
A gas which obeys ideal gas equation, pV - nRT under all conditions of temperature and pressure. No 
gas obeys ideal gas equation under all conditions of temperature and pressure. 
Real gas 
A gas which obey gas laws at low pressure and high temperature. All gases are real gases. 
Causes of Deviation from Ideal Behaviour 
Assumptions of Kinetic theory of gases which do not hold good in all conditions : 
1. Theintermolecular force of attraction between gaseous molecules is negligible. 
2.  Thevolume occupied by the gas molecules is negligible in comparison to the total volume 
ofthe gas. 
Compressibility Factor (Z) - Gives the extent to which real gas deviates from ideal 
behaviour. 
pV 
nRT 


° For 1 moleof gas, Z = РУ 
RT 


• 2= 1 = баѕ is ideal; pV=nRT 
° Z=1= баѕ іѕ real; PVz nRT 
° Z«1 = Gas show - ve deviation and it is more compressible than ideal gas (usually 
atlow pressure). 
° Z> 1 = Gas shows +ve deviation and it is less compressible than ideal gas (usually 
athigh pressure). 
Plot: variation of Zwith pfor some gases 
2.0 





pV/nRT— 


Z 


200 400 600 800 100 
p (bar) — 
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The value of Z at very low pressure is approximately 1. 
Plot of pvs V for ideal and real gases 


Pressure——» 





Volume —» 


The variation of Z with different temperatures T,» T,» T,» T, 





The deviation from ideal behavior becomes less and less with increase in temperature. 


Boyle's temperature : Temperature at which a real gas obeys ideal gas equation over an appreciable 
range of pressure. 


Significance of compressibility factor (Z) 


Z= Мы 
nRT 
for the ideal gas, Vaa = nRT 
p 
Z= Vial 
V, 


ideal 


Z is the ratio of actual volume of a gas to the calculated volume of an equal amount of an ideal 
gas. 
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van der Waals equation —this equation explains the behavior of real gases (not completely). 
Itconsideredtwofacts 1. Attraction between molecules 

2. | Volume of molecules is not negligible 


P + am| (V - nb)  nRT 


V? 
Corrected Corrected 
Pressure Volume 








ITerm : Раа = Pra + an 
ve 
Y + 
Observed Correction 
pressure term 
li Term: Corrected volume = V- nb 
where, nb = total effective volume occupied by the molecules 
Also, b= 4V, known as excluded volume or co-volume 


where, у= volume of a gas molecule. 


Significance of van der Waals constants 
° a: Itis a measure of magnitude of intermolecular attractive forces within the gas. 


- Greater the value of 'a', stronger are the intermolecular forces of attraction and gas 
can be liquefied more easily. 


° b: Itis a measure ofthe effective size of the gas molecules. 
- Itis related to incompressible volume of the molecules. 


Units of 'a' and 'b’ 


2 
© а= PXV =- atmL’ mol? or bar dm mol? 
2 
n 


° b ш = L mol“ or dm? mol” 
n 
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Explanation of Behaviour of Real Gases 


At very low pressures or at very high temperatures 
pV=nRT 

Gases behave like ideal gases 

At moderate pressures, for 1 mole of a gas 


pV.4. a. 
RT RTV 
7-1- 2 

RTV 
Z«] 


At high pressures, for 1 mole of a gas 


РҮ ү Pb 
НТ НТ 
Z=1 + Pb 

RT 
Z»1 


Exceptional behavior of H, and He : 


This is due to the fact that intermolecular forces of attraction in them are negligible. 


Value of 'a' is very small and thus p. is negligible 


p(V-b)2 RT 
pV- ВТ+ Pb 
PV 1 + Pb 


RT 


RT 


Z> 1 (always, по dip in the curve of Zvs p). 


Liquefaction of Gases : A gas can be liquefied by decreasing the temperature or by increasing the 
pressure or by the combination of both. 


128 


sQ QY 
UDQAN 
A program to gie wings to gir students STUDY MATERIAL FOR CHEMISTRY - XI 


Critical constants T,, p, and V, 


. Critical Temperature, T, : Temperature above which a gas cannot be liquefied howsoever 
high the pressure may be. 


- Itthe maximum temperature at which a substance can exist as liquid. 


8a 
27 Rb 


° Critical Pressure, P, : Minimum pressure required to liquefy the gas at its critical 
temperature. 


с 





а 
27b 


° Critical Volume, V. : Volume occupied by one mole of a gas at its critical temperature and 
critical pressure. 


V.=3b 
Andrew's Isotherms : |sotherms of CO, at different temperatures 


C 





LIQUID 


PRESSURE, р == 





VOLUME, V ==> 





Isotherms of CO, (From Andrew's experiment) 


° At A (13.1°C) CO, exists as gas 
° On increasing pressure, at B liquefaction starts. 
° AtC, liquefaction is complete. 
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° After that, increase in pressure has little effect on volume, since liquids have low 
compressibility. 


. Above 30.98'C, gas cannot be liquified howsoever high pressure may be applied. 
° Point P (30.98°C) is the critical temperature. 


Difference between vapour and gas 

Above critical temperature CO, is a gas and below critical temperature, it is vapour. Also, vapour can be 
liquified by compression alone while a gas must be first cooled to a temperature below its critical 
temperature and then compressed. 

Liquid State 


Vapour Pressure : pressure exerted by the vapour present above the liquid in equilibrium with the 
liquid at that temperature. 


Factors affecting vapour pressure 


. Nature of liquid — Weaker the intermolecular forces of attraction in a liquid, higher is the 
vapour pressure. 


ii. Temperature- Vapour pressure increases with increase in temperature. 


Normal boiling point— Boiling temperature under 1 atm pressure 
Standard boiling point — Boiling temperature under 1 bar pressure 
For H,O : Normal boiling point = 100°C (373 К) 
Standard boiling point = 99.6°C (372.6 К) 
Surface Tension : The force acting per unit length perpendicular to the imaginary line drawn on the 
surface of liquid and towards the liquid side. 
5.1. unit= N m“ : CGS unit = dyne cm” 
1N m” = 1000 dyne cm“ 


Factors affecting surface tension 


. Nature of liquid — Stronger the intermolecular forces of attraction in a liquid, higher is the 
surface tension. 


ii. | Temperature — Surface tension decreases with increase in temperature. 
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Consequences of surface tension 


I. Spherical shape of liquid drops — Surface tension tries to decrease the surface area of a 
liquid to minimum. Since for a given volume of liquid, sphere has the minimum surface 
area so liquid drops acquire spherical shape. 


li. Capillary action — Rise of liquid in capillary is due to the surface tension which pushes the 
liquid into the capillary tube. 
Shape of Meniscus 


Water has a concave meniscus whereas mercury has a convex meniscus : In case of water, adhesive 
forces are stronger than cohesive forces. In case of mercury, cohesive forces are stronger than 
adhesive forces. 


° Cohesive forces — Attractive forces existing between molecules of same substance e.g. 
between water molecules or mercury molecules. 


° Adhesive forces — Attractive forces existing between molecules of different substances 
like water and glass or mercury and glass. 
Surface Energy : Energy required to increase the surface area ofthe liquid by one unit. 
S.l. Unit=J m° 
=n m” 
Dimensionally, surface tension and surface energy are same. Both have the same units. 


Viscosity : A measure of friction / resistance to flow of liquid. 


du 
f= n — 
4 dx 


where, f = force of friction between 2 layers 
A = areaof layer 


би _ velocity gradient 
dx 


n = coefficient of viscosity 
5.1. units ofn = N m*s or Pas or kg m's” 
C.G.S unitofn = dynes ст or poise or g cm "s" 


1Pas=10 poise 
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Factors affecting viscosity 


° Nature of liquid — stronger the intermolecular forces of attraction, higher is the viscosity. 


. Temperature — viscosity decreases on increasing the temperature. 


Solved Examples 


Qi. Asample of gas occupies 100 mL at 27°C and 740 mm pressure. When its volume is changed to 
80 mL at 740 mm pressure, the temperature of the gas will be 


(a  21.6'C (b) 240'C 
(c) -33°C (d) 89.5°C 
Solution : (c) 


Since, Pressure is same 
According to Charles law 
MV (Т, = 27 + 273 = 300 К) 





T, T, 
100 = 80 
300 T, 


T, = 240K = 240-273 = -33°C 


Q2. Pressureofamixture of 4 g of O, and 2 g of H, confined in a bulb of 1 litre at O°C is 


(а) 25.215atm (0) 31.205 atm 
(c) 45.215atm (d) 15.210atm 
Solution : (a) 


According to the Dalton’s law of partial pressures 
Pr=P,+ Pr 

p, = Partial pressure of O, 

p, = Partial Pressure of H, 

p, = Pressure of the mixture or total pressure 


p;- (n, + п,) ar 
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4 + H 0.0821 x 273 
32 2 1 





Ag ! 22.413 
8 


p, 225.215 atm 


Q3. A 1:1 mixture (by weight) of hydrogen and helium is enclosed in a one litre flask kept at 0°C. 
Assuming ideal behavior, the partial pressure of helium is found to be 0.42 atm. Then the 
concentration of hydrogen would be 


(a) 0.0375М (b) 0.028M 
(c) 0.0562 M (d) 0.0187 M 
Solution : (a) 


1:1 mixture by weight of H, and He means if 4 g each of He and H, are taken, 1 mole of He is 
present then number of moles of H, will be 2. 


n,zn =1and п =n,=2 


ForHe: p, = AX 


n, RT 
V 
According to Dalton's law of partial pressure p, = p, + p, 


= (пп) 7 


For H, : p, = 


Б ш h 


Pr n, +n, 
042 1 


p: 3 
p, 2 1.26 atm 








Using, p,, total number of moles(n) can be found out 
1.26 = nx 0.0821 x273 
n- 0.0562 
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Number of moles of H, = n, = £ х 0.0562 = 0.0375 mol 


Volume=1L 
Therefore, concentration of H, = 0.0375 M 


Q4. Astockroom supervisor measured the contents of a partially filled 25.0 L acetone drum on a day 
when the temperature was 18°C and atmospheric pressure was 790 mm Hg and found that 16.5 
L of the solvent remained. After sealing the drum a student assistant dropped the drum while 
carrying it upstairs to the chemistry laboratory. The drum was dented and its internal volume 
decreased to 21.0 L, if the vapour pressure of acetone at 18°С is 400 mm Hg, the total pressure 
inside the drum after the accident was 


(a 736.66 mmHg (b  157.85mmHg 
(c) 1136.66 mmHg (d) 557.85 mmHg 
Solution : (С) 


Vapour pressure of acetone remains unchanged at 400 mm Hg. 


Only the partial pressure of air (D,, = Piori — D...) 18 affected by the change in the internal volume 
ofthe container. 


V,, (before) = 25.0-16.5=8.5L 

М. (after) 221.0—16.524.5L 

Pa (before) = 790 — 400 = 390 mm Hg 

Partial pressure of air (p,.) after the accident сап be calculated using the Boyle's law. 
Pai, Voi, (Before) = p,, Vi, (after) 

390 x 8.5 = Р, x 4.5 

Pa = 736.66 mmHg 

р; = Pair + Das, = 136.66 + 400 

= 1136.66 mm Hg 


Q5. If 10° ат” of water is introduced into a 1.0 dm’ flask at 300 K, how many moles of water are in the 
vapour phase when equilibrium is established (Given : Vapur pressure of H,O at 300 K is 3170 
Pa; А= 8.314 JK" mol") 


(a 1.27х10° mol (b) 5.56x10° mol 
(c) 1.53х10° mol (d) 4.46x10°mol 
Solution : (a) 
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The value of volume used should be the volume of the container (1.0 dm) as the number of 
moles of water in the vapour phase is to be calculated and the volume of water is negligible small 
(10° dm) 

pV=nRT (1ат°= 10° т?) 

n 2 31/0 x 10 x 10° 





8.314 x 300 
=1.27x10° mol 
Practice Questions 
Q1. Iftwo moles ofan ideal gas at 546 K occupy a volume of 44.8 litres, the pressure must be 
(a  2atm (b) S3atm 
(c) 4atm (d) 1atm 
Q2. Thevolume ofa gas is 100 mL at 100°C. If pressure remains constant then at what temperature it 
will be 200 mL? 
(a) 200°C (b 473°C 
(c) 746°C (d) 50°C 
Q3. 120g of anideal gas of molar mass 40g mole are confined to a volume of 20 L at 400 K Using R 
= 0.0821 Latm K" mole", the pressure of the gas is 
(a 4.90аїт (b) 4.92atm 
(c) 5.02аїт (d) 4.96atm 
Q4. Pure hydrogen sulphide is stored in a tank of 100 litre capacity at 20°C and 2 atm pressure. The 
mass of the gas will be 
(a) 34g (b 340g 
(c) 28240 (d) 28.24g 
Q5. At 0°С and one atm pressure, a gas occupies 100 cc. If the pressure is increased to one and a 


half-time and temperature is increased by one-third of given temperature, then final volume of 
the gas will be 


(a 80cc (b) 88.9сс 
(c) 66.7 cc (d) 100cc 
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Q6. Molecular weight ofa gas that diffuses twice as rapidly as the gas with molecular weight 64 is 
(a 16 (b) 8 
(c) 64 (d) 6.4 
Q7. lfrateof diffusion of Ais 5 times that of B, what will be the density ratio of A and B? 
(a 1/25 (b) 1/5 
(c) 25 (d) 4 
Q8. Atwhattemperature, the rate of effusion of N, would be 1.625 times that of SO, at 50°C? 
(a 110K (b 173K 
(c) 373K (d) 273K 
Q9. Equal weights of ethane and hydrogen are mixed in an empty container at 25°С. The fraction of 


Q10. 


Q11. 


012. 


the total pressure exerted by hydrogen is 


(a) 1:2 (b) 1:1 
(c) 1:16 (d) 15:1 
160 mL of a gas are collected over water at 25°C and 745 mm Hg. If aqueous tension at 25°C is 


23.8 mm Hg, then pressure of dry gas at 25°C is : 
(a 768.8 mm Hg (b) 760mm Hg 
(c) 721.2 mmHg (d) 600mm Hg 


If 500 mL of a gas A at 1000 Torr, and 1000 mL of gas B at 800 Torr are placed in a 2 L container, 
the final pressure will be 


(a 100Torr (b) 650Torr 
(c) 1800 Torr (d) 2400 mm Hg 
Which ofthe following is not the postulate of the kinetic theory of gases? 


(a) Gas molecules are in a permanent state of random motion. 


(b) Pressure of gasis dueto molecular impacts on the walls. 
(c) The molecules are perfectly elastic. 
(d) The molecular collisions are elastic. 
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Q13. 


Q14. 


015. 


016. 


017. 


018. 


Maximum deviation from ideal gas is expected from 

(a)  CH(g) (0) NHi(g) 

(с) №60) (d) Ng) 

The behavior of real gases approach ideal behavior at 

(a) lowtemperature, low pressure 

(b) hightemperature, high pressure 

(c) lowtemperature, high pressure 

(d)  hightemperature, low pressure 

At extremely low pressure the van der Waals equation for one mole of a gas may be written as : 
(a) pV=RT+pb (b (p+ a/V,)(V-b)=RT 

(c) pV=RT-a/V (d pV=RT 

The value of van der Waals constant 'a' for N, and NH, are 1.39 and 4.17 atm 1? mol” 
respectively. If these two gases have the same value of constant 'b' then under similar 
conditions : 

(a) The pressure exerted by N, gas is more than that of NH, 

(b) Thepressure exerted by nitrogen is less than that of NH, 

(c) Both exertequal pressure 

(d) None ofthese 


Positive deviation from ideal gas behavior takes places because of 


(a) Molecular interaction between atoms and pV/nAT > 1 
(b) Molecular interaction between atoms and p V/nHT « 1 
(c) Finite size ofthe atoms and pV/hRT» 1 
(d) Finite size ofthe atoms and pV/nRT «1 


Consider the following plot 
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Q19. 


Q20. 


Q21. 


Q22. 


Which ofthe following statement is wrong? 

(a ForagasA, a=0, and Zwill linearly depend on pressure. 

(b) Forgas B, b- Оапа Zwill linearly depend on pressure. 

(c) Gas Cisareal gas and we can find 'a' and 'b' if intersection data is given. 

(d)  Allvander Waals gases will behave like gas C and give positive slope at high pressure. 
Critical temperatures of H,O, NH,, CO, and О, are 647 K, 405.6 K, 304.10 K and 154.2 K 


respectively. If the cooling starts from 500 K to their critical temperature, the gas that liquefies 
first is 


(a H,O (b NH, 

(c) СО, (d) 0, 

The compressibility factor for a real gas at high pressure is 
(a) 1 (D 1+pb/RT 

(c) 1-pb/RT (d) 1+ АТ/рЬ 


For one mole of a van der Waals gas when b = 0 and T = 300 K, the pV vs 1/V plot is shown 
below. The value of the van der Waals' constant a atm 1? mol? 


246 [Graph not to scale] 
23.1 


с» 





c 216 
£ 201 
£ 
= 
0 2.0 3.0 
1/V (mol litre") —— 
(а) 10 (b) 45 
(c) 15 (d 3.0 


'a' and 'b' are van der Waals constants for gases. Chlorine is more easily liquefied than ethane 
because 


(a aand bforCl,>aand bfor C,H, 
(D aand bforCl,< aand bfor C,H, 
(c) aforCl,<aforC,H, but bfor Cl,» bfor C,H, 
(d)  aforCl,» afor C,H, but bfor Cl, < bfor C,H, 
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Q23. The compressibility of a gas is less than unity at NTP. 

(a) V,>22.4L (b) | V,«224L 

(c) V,=22.4L (d  V,244.8L 
Q24. Agas сап be liquefied 


Q25. 


Q26. 


Q27. 


Q28. 


Q29. 


(a) above its critical temperature 
(b) atits critical temperature 

(c) below its critical temperature 
(d) atanytemperature 


On heating a liquid, its viscosity 

(a) increases (b) decreases 

(c) remains same (d) is reduced to zero 
The surface tension of which of the following liquid is maximum? 
(a) C,H,OH (b) CH,OH 

(c) H,0 (d) C,H, 

Choose the incorrect statement in the following: 


(a) Surface tension is the force acting per unit length perpendicular to the line drawn on the 
surface of the liquid. 


(b) Surface tension of aliquid increases with increase in temperature. 
(c) TheSlunit of surface tension is J m°. 
(d) Viscosity is a measure of resistance for the flow of liquid. 


The gas with the highest critical temperature is 

(a) Н, (b) He 

(с) N, (d) CO, 

Which ofthe following property of water be used to explain the spherical shape of rain droplets? 
(a) viscosity (b) surface phenomenon 

(c) critical phenomena (d) vapour pressure 
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Q30. The SI unit of viscosity coefficient (n) is 

(a) Pascal (b) Nm*s 

(c) kgm*s (d Nm* 
Q31. How willthe viscosity of liquid be affected by the increase in temperature ? 

(a) Increase (b) Noeffect 

(c) Decrease (d) Noregular pattern will be followed 
032. Thevan der Waals constant 'a' for different gases have been given as : 

Gas 0, N, CH, NH, 

a (atm L' mol?) 1.36 1.39 2.15 4.17 

(a) 0, (b) N, 

(c) CH, (d) NH, 
Q33. Theincorrect statement among the following is 


Q34. 


Q35. 


Q36. 


(a) The boiling point of a liquid at one bar is called standard boiling point of the liquid. 


( 


b) 
(c) The Slunit of coefficient of viscosity of a liquid is pascal second. 
d) 


( 


The van der Waals equation reduces itself to the ideal gas equation at: 


The vapour pressure of aliquid is constant at constant temperature. 


The boiling point of aliquid is the same at all external pressures. 


(a) High pressure and low temperature 


(b) Low pressure and low temperature 

(c) low pressure and high temperature 

(d) high pressure alone 

The maximum number of molecules is present in : 

(a 15LofH,gasatNTP (b) 5LofN,gasatNTP 

(c) O.5gofH,gas (d) 1090#0, даѕ 

А certain sample of a gas has a volume of 0.2 litre measured at 1 atm pressure and 0°C. At the 
same pressure but 273'C, its volume will be : 

(a) 0.4L (b 0.8L 

(c) 27.8L (d) 55.6L 
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Q37. Agas deviates from ideal behavior at a high pressure because its molecules: 
(a) have kinetic energy (b) are bound by covalent bonds 
(c) attract one another (d) showthe Tyndall effect 
Q38. The pressure exerted by 1 mole of methane in a 0.25 litre container at 300 K using van der Waals 
equation (given a= 2.253 atm 1? mol”, b= 0.0428 L mol") is 
(a) 82.82аїт (b) 152.51 atm 
(c) 190.52 atm (d) 70.52atm 


Q39. 


Q40. 


Q41. 


042. 


Q43. 


To what temperature must a neon gas sample be heated to double its pressure, if the initial 
volume of a gas at 75°C is decreased by 15%? 

(а) 319°C (b) 592°C 

(c) 128°C (d) 60°C 

Which pair of the gases diffuses with the same rate at same temperature and pressure? 
(a СОапамо (b) NO,andCO, 

(c) NH,and PH, (d) NOandC,H, 

Agas has double the average velocity of SO, gas at any temperature. The gas may be: 
(a) CO, (b) C,H, 

(c) CH, (d) 0, 

The density of a gas is 1.964 g йт? at 273 K and 76 ст Hg. The gas is : 

(a CH, (b) C,H, 

(c) CO, (d) Xe 

Non-ideal gases approach ideal behavior: 


(a) hightemperature and high pressure 


(b) hightemperature and low pressure 
(с) lowtemperature and high pressure 
(d) lowtemperature and low pressure 
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Q44. According to kinetic theory of gases for a diatomic molecule: 


Q45. 


Q46. 


Q47. 


Q48. 


Q49. 


(a) the pressure exerted by the gas is proportional to the mean square speed of the molecules 


(b) the pressure exerted by the gas is proportional to the root mean square speed of the 
molecules 


(c) therootmean square speedis inversely proportionalto the temperature 


(d) the mean translational K.E. of the molecule, is directly proportional to the square root of 
the absolute temperature 


The root mean square velocity of one mole of a monoatomic gas having molar mass Mis Uns- 
The relation between average kinetic energy (Е) ofthe gas and u,,,, iS: 


O te =f SE 6) u,- 2E 
@ „= @ Ug =a] 


The term that corrects for the attractive forces present in areal gas in the van der Waals equation 
is: 


(a) nb (py 9H 


What is the dominant intermolecular force or bond that must be overcome in converting liquid 
CH,OH to gas? 


(a)  Dipole-dipole interaction (b) Covalent bonds 

(c)  London-dispersion force (d) Hydrogen bonding 
Most probable speed, average speed and rms speed are related as: 
(a) 1:1.224:1.128 (b) 1.128:1:1.224 

(c) 1:1.128:1.224 (d) 1.224:1.128:1 


The rms speed of hydrogen molecules at room temperature is 2400 m s“. At room temperature 
the rms speed of oxygen molecules would be: 


(a) 400ms' (b 300ms" 
(c) 600ms" (d) 1600ms' 
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Q50. Thecritical temperature of a gas is that temperature : 

(a) above which itcan no longer remain in the gaseous state 

(b) above which it cannot be liquefied by pressure 

(c) atwhichitsolidifies 

(d) atwhichthe volume ofthe gas becomes zero 


Q51. Two samples of gases A and B are at the same temperature. The molecules of A are travelling 
four times faster than the molecules of B. The ratio of their molar masses M, / M, will be: 


(a 16 (b) 4 
(с) 1. (dy 1. 
4 16 


052. The compressibility factor of one mole of a gas is defined as Z = РМАТ. The compressibility 
factor of an ideal gas is : 


(a) zero (b) 1 
(c) -1 (d) infinity 
Q53. A mixture of three gases X (density 1.0), Y (density 0.2) and Z (density 0.4) is enclosed in a 
vessel at constant temperature. When the equilibrium is established, the gas/gases: 
(a X willbe atthe top of the vessel 
(b Y willbe atthe top of the vessel 
(c) Zwillbeatthe top of the vessel 
(d) will mix homogeneously throughout the vessel 
054. When an ideal gas undergoes unrestricted expansion, no cooling occurs because the molecules: 
(a)  exertno attractive forces on each other 
(b) do work equal to loss of kinetic energy 
(c) collide without loss of energy 
(d) are above the inversion temperature 


Q55. Which of the following mixture of gases at room temperature would not follow Dalton's law of 
partial pressures ? 


(a) NO,and0, (b) NH,and HCI 
(c) СОапасо, (d) SO,andO, 
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056. The root mean square velocity of an ideal gas at constant pressure, varies with density (d) as : 
1 
(a) — (b) үа 
үа 
(c) d (d a’ 
057. Equal masses of methane and oxygen are mixed in an empty container at 25°C. The fraction of 


Q58. 


Q59. 


Q60. 


061. 


the total pressure exerted by oxygen is : 


1 273 1 
d) — x b) — 
(a) 3 298 (b) 3 
1 2 
C) — d = 
(c) 7 (d) 3 
When r, Pand Mrepresent rate of diffusion, pressure and molecular mass respectively, then the 


ratio of the rates of diffusion (r/r,) of two gases A and B, is given as : 


(а) (P,/ P)" (M/ My (b (Р,/Р,) (М,/М,)" 
(с) (P,/ Ps)" (M/Myj (9) (Р,/Р,) (М/М,)" 
The molecular velocity of any gas is : 


(a) directly proportionalto square of temperature 

(b) directly proportionalto square root of temperature 
(c) inversely proportional to square root of temperature 
(d) inversely proportional to absolute temperature 


Under critical state of a gas, for one mole ofa gas, compressibility factor is : 
3 

a) === b) 1 

(a) : (b) 
8 1 

e) .— d -=-= 

(c) 3 (d) 1 


A 100 mL flask contained H,, at 200 Torr and a 200 mL flask contained He at 100 Torr. The two 
flask were then connected so that each gas filled their combined volume. Assuming no change 
in temperature, total pressure is : 


(a) 300 Тогг (b) 150Torr 
(c) 66.66 Torr (d) 133.3Torr 
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Q62. The temperature at which N, molecules would have the same average speed as that of helium 
atoms at 300 Kis: 


(a) 300K (b) 1050K 
(c) 2100K (d) 14700K 


Q63. A large irregularly — shaped closed tank is first evacuated and then connected to a 50 litre 
cylinder containing compressed nitrogen gas. The gas pressure inthe cylinder, originally at 21.0 
atm, falls to 2.0 atm, after itis connected to the evacuated tank. The volume of thetank is : 


(a) 475litres (b) 50 litres 
(c) 525 litres (d) 21.45 litres 

Answer Key 
1 a 2 a 3 b 4 C 
9 b 6 а 7 а 8 C 
9 d 10 C 11 b 12 C 
13 b 14 d 15 d 16 а 
17 а 18 C 19 а 20 b 
21 C 22 d 23 b 24 C 
25 b 26 C 27 b 28 d 
29 b 30 b 31 C 32 d 
33 d 34 C 35 а 36 а 
37 b 38 а 39 а 40 d 
41 C 42 C 43 b 44 а 
45 C 46 b 47 d 48 C 
49 C 50 b 51 d 52 b 
53 d 54 55 b 56 а 
57 b 58 d 59 b 60 a 
61 d 62 C 63 а 


UNIT - 6 
CHEMICAL THERMODYNAMICS 


Learning objectives : 


After studying this unit, you will be able to 
° Define the terms : system, surroundings and boundary 
. Distinguish between types of systems 
e Solve problems based on internal energy, work and heat 
° State first law of thermodynamics and apply it mathematically 
. Differentiate between state and path functions 
° Define and explain U, H, Sand G 
. Calculate enthalpy changes for different types of reactions 
. Solve numericals based on Hess's law of constant heat summation 
° Explain the characteristics of a spontaneous process 
. Relate AG, AHand AS 


° Find equilibrium constant from AG. 
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Thermodynamics : Means flow of heat 

° One of the fundamental subject in physical chemistry 

° It's a science of macroscopic properties i.e. properties of matter in bulk 

° It deals with energy changes accompanying all types of physical and chemical processes 


° It predicts the feasibility or spontaneity of a process, including a chemical reaction, under 
a given set of conditions 


° It helps to determine the extent to which a process can proceed before attainment of 
equilibrium 
Terms used in Thermodynamics 
° System : Part of universe chosen for thermodynamic studies. 


° Surroundings : Remaining universe other than the system. 


Universe = system + surroundings 


. Boundary : Real or imaginary surface that separates the system from its surroundings 
Classification of Systems - On the basis of possibility of movement of matter and energy in or out of 
the system. 
a) Open System: It can exchange both matter and energy with its surroundings. 
e.g. tea kept in on open vessel. 

b) Closed System: It can exchange only energy with its surroundings but not matter. 
e.g. tea kept in closed vessel. 

C)  IsolatedSystem: It can neither exchange matter nor energy with its surroundings. 


e.g. tea kept in thermos flask. 


State of the System 


° A system is said to be in a definite state if each of its measurable property has a definite 
value. 


. A system is described by specifying some or all of its p, М Tand composition. 
° State of the system is specified by state functions or state variables. 
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Types of Function / Variables 


а) 


State Function :A physical quantity whose value depends upon the state of the system and 
does not depend uponthe path by which the state has been attained. 


e.g. p, V, T, internal energy, enthalpy, entropy 


Path Function : A physical quantity which depends on the path by which change is 
brought. 


e.g. work and heat. 


Macroscopic Properties of the System 





a) Intensive Properties : Properties which do not depend upon the amount of the substance. 
e.g. pressure, density, temperature, surface tension, boiling point, refractive index etc. 
b) Extensive Properties : Properties which depend upon the amount of the substance. 
e.g. volume, mass, heat capacity, number of moles etc. 
" Extensive property - Intensive property 
Extensive property 
eg. Mass . Density 
Volume 
c) Molar Property (x,) : Value of an extensive property 'x’ of the system for 1 mole of the 
substance. 
х„= -X (Independent of the amount of matter (n)) 
° All the molar properties are intensive properties. 
Types of Processes 
a) Reversible Process : A process which is carried out infinitesimally slowly by a series of 
steps such that system and surroundings are always in near equilibrium with each other. 
° Atany moment, the process can be reversed by an infinitesimal change. 
b) Irreversible Process : A process which cannot be reversed by small change. 
. Irreversible processes are carried out at finite rates. 
C) Adiabatic Process: A process during which no heat can flow in or out of the system. 


dg=0 
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d) Isothermal Process: Itis carried out at constant temperature 


dT=0 

e) Isobaric Process: Itis carried out at constant pressure 
dp=0 

f) Isochoric Process : During the process, volume of the system remains constant 
dV=0 


p- Vgraph for various thermodynamic processes 





Isobaric 








Isothermal 





Isochoric 





adiabatic 


у > 


g) Cyclic Process : When a system undergoes a series of changes and finally returns to its 
initial state. 
Common modes of transfer of energy between system and surroundings 
= Heat (q) 
- Work (w) 


Internal Energy (U) 


- It is the sum of all types of energies, a system may have like chemical, electrical, 
mechanical or any other type of energy. 


- Itis a state function and an extensive property 
- Absolute measurement of U is not possible so change in internal energy, AU is 


considered. 
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where, U,and U are the internal energies of final and initial states, respectively. 
- Uofthe system may change, when 
° Heat passes into or out of the system 
. Workis done on or bythe system 
° Matter enters or leaves the system 
° Atconstant volume 


AU- q, 














9, = heat absorbed or evolved at const. volume 


Sign Convention 
° If energy is released, AU - —ve 
° If energy is absorbed, AU = «ve 


Work(w) : A form of energy transferred from system to the surroundings or from surroundings to the 
system due to difference in some property (other than temperature) between system and 
surroundings 
Types of work 


° Mechanical work (due to difference in pressure) — work of expansion or compression or p 
— Vwork 


Mechanical work = force x displacement 
° Electrical work (due to difference in electrical potential) = - Emf x quantity of electricity 
passed 
Sign Convention 
. If work is done on the system, w= «ve (compression) 
° If work is done by the system, w= -ve (expansion) 
Heat — It is a form of energy exchanged between system and surroundings due to difference in 
temperature between system and surroundings 
Sign Convention 
° If heat is absorbed (endothermic reaction), 9 = +ve 
. If heatis released (exothermic reaction), q=-ve 
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Units of work, heat and energy 


Sl unit of work =J or Nm" 


Cgs unit of work = erg or dyne cm“ 
1J=10' ergs =0.239 cal 

1kJ=1000J 

1Latm=101.3J 

1 cal= 4.184 J=4.184 x 10’ erg = 41.293 atm cm? 
1eV=1.602x 10 J molecule” = 96.48 kJ mol” 
= 23.06 kcal mol" 

= 8065.5 cm" 

1cal»1J»1 erg» 1 ev 


Work done (w) in various processes 


Work of expansion / compression or p— V work 


а) 


Work done in irreversible isothermal expansion against a constant external 
pressure (Pya) 


W=- D AVz-p4(V,- V.) 


V,and V, represent the final and initial volumes, respectively 
Wore done in isothermal reversible expansion of n moles of an ideal gas 


w= - 2.303 nRT log v = -2.303 nRT log P 


1 р 





(-ve sign has been used as itis work of expansion і.е. work done by the system) 
Free Expansion (Expansion in vaccum) 

Idealgas: p,,=0,w=0,AU=0, g=0 

Realgas: p,,=0,w=0 


Work and heat are not state functions, they are path functions 


First Law of Thermodynamics - The energy of an isolated system is constant. Mathematically 
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- This law is also known as law of conservation of energy i.e. energy can neither be created 
nor destroyed 


- For an ideal gas undergoing isothermal changes (А Т= O), AU- 0 


Isothermal and Free Expansion of an Ideal Gas 
pasD 
w=0 
Also, q2 oand AU=0 
1. Forisothermal irreversible change 
q--wzp,(V,- М) 
2. X Forisothermal reversible change 


q--wsnRTIn № = 2303 nRTlog 1. 
V V 


1 1 


3.  Foradiabatic change, g=0 
AU=w,, 


Comparison of reversible, irreversible and adiabatic work 
Wrey > И/ еу 2 Wag 
° For reversible expansion, p,, has maximum value (only infinitesimally smaller than p,,), 
work done in reversible expansion is the maximum work for a given change in volume. 


Enthalpy (H) 
° Itis the heat evolved or absorbed at constant pressure. 


° Itis a state function and an extensive property. 

° For exothermic reactions, AH = -ve; heat is evolved during the reaction 

. For endothermic reactions, AH - +ve; heat is absorbed from the surroundings 
H- U* pV 
AH- AU * pA V (at const. pressure) 


АН= q, (heat absorbed at constant pressure) 
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AU= q, (heat absorbed at constant volume) 


AH- AU« An, RT 


where, An, - difference between the number of moles of the gaseous products and those 
ofthe gaseous reactants. 


Also, 





The difference in AU and AHis insignificant for solids and liquids. 


Heat capacity (C) : Amount of heat required to raise the temperature of the system by 1°C or 1K 


C= 4 
AT 
C„ Amount of Substance 


Itis an extensive property 
Units : ЈК" 


Specific Heat Capacity (c) : Amount of heat required to raise the temperature of one gram (unit mass) 
ofasubstance by 1°C or 1K 


Itis an intensive property 
Units: Jg K^ 


q-cxmxAT- CAT 


where, q= heat required to raise the temperature of a sample 
c= specific heat capacity of the substance 
m- mass of the sample; AT - temperature change 


Specific heat capacity of water is 1 cal g” K'or4.184Jg K^ 


Molar heat capacity (C, ) : Amount of heat required to raise the temperature of 1 mole of the substance 


by 1°C or 1K 


Que 
n 


where, Cis the heat capacity of 'n' moles ofthe substance. 
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- Unit: J mol” K” 
E Itis an intensive property 


Types of Heat Capacities 
C,—heat capacity at constant volume 
C, — heat capacity at constant pressure 


For anideal gas 


pu 8 and C, = ан 


dT dT 
| Сб.-С,=В | (for 1 mole of an ideal gas) 
For nmoles 


pe S| (ratio of C,/ C, represented by y) 
C, 


Importance of C, and C, 


Ratio of C, and C,, represented by y, is related to atomicity of the gas 


~ ee 


Measurement of AU and AH 





° Since, AU- д, 


So, AUis determined by measuring the heat lost or gained (q,) for the reaction or process 
inaclosed vessel (constant volume) e.g. Bomb calorimeter. 
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АН= 9 


In this case, the heat lost or gained (q,) is determined when the reaction is carried out in an 
open vessel. 


If reaction involves only solids & liquids or An, = o, then AH = AU 
For a cyclic process: AUZ 0, AH=0 


During isothermal expansion of an ideal gas, AU = 0, AT = О and AH = О. Thus, it is an 
isoenthalpic process. 


Enthalpy change of the reaction (^, H) 


The amount of heat absorbed or evolved in a chemical reaction when moles of reactants and products 
being the same as indicated by the balanced chemical reaction. 


Standard Conditions 


Pressure = 1 bar 


Temperature - any specified temperature 


The standard state of a substance at a specified temperature is its pure form at 1 bar. 


Standard conditions are denoted by adding the superscript О or © to the symbol. e.g. АҤ/ 
АН 


Standard enthalpy of a reaction л, H? : The enthalpy change accompanying the reaction 
when all the reactants and products are taken in their standard states (1 bar pressure and 
atany specified temperature, generally 298 K). 


Depending upon the nature of the reaction, enthalpy of the reaction is named accordingly. 


Enthalpy of combustion, А, Н: the enthalpy change when one mole of a substance is burnt 
completely in excess of oxygen. 


Enthalpy of formation A,H : the enthalpy change when one mole of a substance is formed 
from its elements under given conditions of temperature and pressure. 


Enthalpy of neutralization ^, Н: the enthalpy change when опе gram equivalent of the 
acid is neutralized by a strong base. 


Enthalpy of solution A,, H : the enthalpy change when one mole of the substance is 
dissolved in a specified amount of the solvent. 
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A H= А на Н+ АН 


sol 





- For most of the ionic compounds 
ASH 24 ve 


Enthalpy of Hydration A,,, Н: amount of heat evolved or absorbed when one mole of an 
anhydrous salt combines with the required number of water molecules to form the 
hydrated salt. 


- Dissociation process of the compounds is endothermic 

E Solubility of most salts in H,O increases with rise of T 

- Enthalpy of atomization A,H : the enthalpy change when one mole of a substance 
dissociates into gaseous atoms. 
Enthalpy of Reaction 
АН = ХАН” (products) -ZAH" (reactants) 
А, H° is the standard enthalpy of formation. For elements in their most stable states AH" is 
taken as zero. 
For example, the most stable states of oxygen, bromine, iodine are О, (g), Br, (I), l,(s) 
whereas for carbon C(graphite), for sulphur S,(rhombic) 
AH’ for all these substances is equal to zero. 


Depending upon the type of process involving a phase change, the enthalpy change (for one mole of a 
substance) is named accordingly. 


Enthalpy of fusion, A,,, H: Enthalpy change that accompanies melting of one mole of a solid substance 
at constant temperature and pressure. 


Melting of a solid is endothermic process 
=> A,, = + ve (all) 


Enthalpy of vaporization А „Н: Amount of heat required to vaporize one mole of a liquid at constant 


temperature and pressure. 


vap 


Enthalpy of sublimation А, „Н: Enthalpy change when one mole of a solid substance sublimes at a 
constanttemperature and pressure. 


Au H= Ais H+ Aa H 


sub fus vap 
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Note : Magnitude of enthalpy change depends on the strength of the intermolecular interactions in the 
substance undergoing the phase transformations. 


Hess's Law of constant heat summation : the total enthalpy change accompanying a chemical reaction 
is the same whether the reaction takes place in one or more steps. 


E: 
АНІ |AH, 


ст" 


АН=АН,+АН,+АН, 


° When chemical equations are added, subtracted or multiplied, the enthalpy changes can 
also be added, subtracted or multiplied. 





° The sign of A,H gets reversed on reversing a chemical equation. 


Bond enthalpy (A,,,,, H°) : The amount of energy required to dissociate one mole of bonds present 
between the atoms in the gaseous molecules. Two separate terms are used in thermodynamics (i) 
bond dissociation enthalpy (ii) mean bond enthalpy. 


Bond dissociation enthalpy is the change in enthalpy when one mole of covalent bonds of a gaseous 
compound is broken to form products in gas phase. 


Mean bond enthalpy is the average value of bond dissociation enthalpy of a particular type of bond 
presentin different compounds. 


AHsIBE, 472BE 
Units : kJ / mol 


Calculation of lattice enthalpy using Born-Haber cycle: 


product 


Lattice enthalpy (Л H°) : is the enthalpy change which occurs when one mole of an ionic 
compound in crystalline state dissociates into its ions in gaseous state. 


The sum of the enthalpy changes round a Born-Haber cycle is zero. 
Enthalpy diagram for lattice enthalpy of NaCl (Born Haber cycle for NaCl). 


sQ Ov 
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Na'(g) + Cl(g) 





5 [12A,H' 


Na'(g) +1/2 Cl,(g) 


AM 


eg 





o 
E 
= 
22 
e 
co 
ч 
F 


Na’ (0) + СГ (0) 


+495.6 kJ mol" 
> 
I 







Na(g) +1/2 Cl,(g) 


4 


4108 
kJ mol" 


A 


sub 


Na(s) «1/2 Cl,(g) 





Baal 


lattice 


4411.2 kJ тої" 


NaCl(s) 
AH' = AH + AIH? + 1/2 AH ABT Aq 


Spontaneous process : a physical or chemical change that occurs on its own. It may or may not 
need initiation. 


Non-spontaneous process: a process which cannot take place by itself nor by initiation. 
Two factors which govern the spontaneity of a process: 
1)  Tendencytoattain minimum energy state. 


2)  Tendencytoattain maximum randomness or disorder. 


First law of thermodynamics puts no restriction on the direction of heat flow or direction of any 
process. 


° The flow of heat is unidirectional from higher temperature to lower temperature. 


° Most of the processes occur spontaneously only in one direction under a given set of 
conditions of temperature and pressure. 


° Decrease in enthalpy is not the only criterion for spontaneity. 
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Entropy, S : is a measure of randomness or disorder of the system. 


Itis a state function i.e. path independent 


Qualitatively, AS in a chemical reaction is estimated by a consideration of the structures of 
the species. 


A crystalline solid will have the lowest entropy, whereas the gaseous state will have the 
highest entropy. 


The order of randomness and thus, the entropy is : 
Gas » liquid » solid 
Fora reversible change at constant temperature 


AS = dw 
T 


q.,, = heat absorbed or evolved at absolute temperature T 
Unit: ЈК" mol" 


Ina chemical reaction : 


AS = 2 S products n 2 S reactants 


Entropy changes during phase transformations 


A H 
а) Ам S zx i 
T 


m 





А H= enthalpy of fusion per mole 
T,, = melting temperature in Kelvin 
_ АН 


D». AS == 
) Sa 





А H = enthalpy of vapourization per mole 
T, = boiling temperature in kelvin 


_ б H 


C) А S Т 





A» H= enthalpy of sublimation at the temperature T. 
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° For all spontaneous processes, the total entropy change must be positive 

А5. = Аба TAS > 0 

Абы = *Ve = Process is spontaneous 


бы = ve => Direct process is non-spontaneous; the reverse process is spontaneous. 


° When a system is in equilibrium, the entropy is maximum and the change in entropy, AS = 
0. 


° AUdoes not discriminate between reversible and irreversible process whereas AS does. 


AU = O (for both reversible & irreversible expansion for an ideal gas; under isothermal 
conditions) 


AS,» О (for irreversible process) and A Sa = О (for reversible process) 


Second Law of Thermodynamics : For a spontaneous process in an isolated system, the change in 
entropy is positive. Or 


Itis impossible to convert heat completely into work without leaving some effects elsewhere. 


Gibbs Energy, G: The maximum amount of energy available to a system, during a process, that can be 
converted into useful work. 


° Itis a state function and an extensive property 
. Units : J mol” 


Gibbs Helmholtz Equation 


AG=AH-TAS | (atconstant Tand p) 


AG=- TAS a 
° AG gives a criteria for spontaneity at constant pressure and temperature 
° If, AG = -ve (<0) = Process is spontaneous. 
° If, AG = +ve (>0) = Process is non-spontaneous 
° It, AG = О = Process is in equilibrium 


° AG’ is the Gibbs energy change for a process when all the reactants and products are in 
their standard states. 
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Relationship between equilibrium constant (K) and A G° 


AG =-2.303 RTlogK 


Relationship between electrical work done in the galvanic cell and л С: 


AG=-nF_E,,, 
Еш = emf ofthe cell 
п= по. of moles of electrons involved 


F= Faraday's constant i.e. 96500 C mol" 


If reactants and products are in their standard states : 


E «standard emf of the cell 


Effects of signs of AH, ASand T onthe spontaneity of a process 





Sign of AH Sign of AS Value of T 





+ 
+ + 
+ + 








Non-spontaneous 
Non-spontaneous 


spontaneous 
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Solved Examples 
Q1. How тапу calories are required to heat 40 gram of argon from 40° to 100°C at constant volume? 
(R=2calK' mol’) 
a) 120 b) 2400 
c) 1200 d) 180 
Solution : d 


Fora monoatomic gas, C, = З cal K" mol” & c, 2 5 cal K” mol", 

40 gram of Argon = 1 mole. 

C, = molar heat capacity at const. volume. 

Heat required to raise the temperature from 40° to 100°C at constant volume = 3 x (100-40) 
=3x60=180cal 


02. 4.48 Lof an ideal gas at NTP requires 12.0 calories to raise its temperature by 15°C at constant 
volume. The C, of the gas is 
a)  3cal b) 4 cal 
с)  7cal d) 6 cal 
Solution : d 
n= 448 
22.4 
gSnxGxAT 


12- 448 y c x 15 
22.4 


C, 24cal K” mol” 

C.-C,=R (R =2 cal K" mol’) 
C,=R+C, 

=2+4 

C,=6calK' mor" 
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Q3. 


The standard enthalpy of formation of NH, is -46.0 kJ mol". If the enthalpy of formation of H, 
from its atoms is -436 kJ mol" and that of N, is -712 kJ mol", the average bond enthalpy of N-H 
bond in NH,is 


a)  -1102kJ mol” b) -964 kJ mol" 
C)  4352kJ mol" d) 1056 kJ mol” 
Solution : с 


04. 


Enthalpy of formation of NH, = -46 kJ mol" 


+ N,(9) — (g) —> NH,(g) АН = -46 kJ mol" 
H, (g) — 2H(g) AH - +436 kJ mor 
N, (g) — 2N(g) AH - +712 kJ mol" 
AH=3B.E. „В.Е. 


reactants products 


AH = + B.E. (N,) + 2 B.E. (H,) - B.E. (NH,) 


46= 1 x 712 + % x 436 – 3 (N-H) 
2 2 
B.E. (N-H) = + 352 kJ mol” 
* There are З М-Н bonds in NH,, so average bond enthalpy will be (B.E. of NH,)/3. 


The standard molar enthalpies of formation of cyclohexane (1) and benzene (1) at 25°C are - 156 
and + 49 kJ mol", respectively. The standard enthalpy of hydrogenation of cyclohexene (I) at 
25°C is - 119 kJ mol". The magnitude of the resonance energy is: 


a) -357kJmol b) -152kJ mol” 
c) -205kJmol d) +152 kJ mol" 
Solution : b 


1. 6C,+6H,(g) CHor CO AH =-156kJ mol 


2. 6C,+3H,(g)—>C,Hyor С) — Ad -2:49kJ mol 
3. С + Н) — C AH. = -119 kJ mol” 
4. С + зН,(д) +С) AH =? 


Q5. 
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Enthalpy change for the hydrogenation of benzene should be three times the enthalpy of 
hydrogenation of cyclohexene 


KA SSXAJH 

= 3 (-119) =-357 kJ mol-1 

On adding equations (2) and (4), we get 

(5) 6C(s) + 6H,(g) >O AH’ = -308 kJ mol" 
This reaction also gives the energy of formation of cyclohexane. 


The difference in the enthalpy of formation calculated by these alternate paths is due to 
resonance stabilization of benzene. 


Resonance energy of benzene - - 308 - (-156) 
--152kJ mol" 
The enthalpy of formation of CO,(g), H,O(I) and propene (g) are -393.5, -285.8 and 20.42 kJ 


mol", respectively. The enthalpy of isomerization of cyclopropane to propene is -33.0 kJ mol". 
The enthalpy change for combustion of cyclopropane is : 


a)  -2058.32kJ b) -2091.32kJ 

C) +2058.32 kJ d) | +2091.32 kJ 
Solution : b 

1. С(5)+0,(0)> CO,(g) AH? = -393.5 kJ mol” 

2. H,(g)+%20,(g) 2 H,O(g) A,H =-285.8 kJ тої" 

3. 3C(s) +3H,(g) > C,H,(g) A,H= 20.42 kJ mol" 

4. ZN —> CH,CH - CH, A,H=-33.0 kJ mol" 


5. А+ 5 0,—3C0,«3H0 — AH-? 


First, calculate the enthalpy of combustion of propene using Hess's law. 


i.e. 
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6 CH, + T 0, > 3C0,+3H,0 A,H=? 


AH = 3 (-393.5) +3 (-285.8) - 20.42 

- 2058.32 kJ 

Enthalpy of combustion of cyclopropane can be found on adding equations (4) and (6) 
AH = (-2058.32 - 33.0) kJ 

AH - -2091.32 kJ 


Practice Questions 

Q1. Forwhich ofthe process, ASis negative? 
a.  H,(s)  2H(g) b. N,(g, 1 atm)—» N, (g, 8 atm) 
c. 250, (0) — 250, (g) + O, (g) d. C amont) ~> буар) 

Q2. Thefavourable conditions for a spontaneous reaction are 
a. TAS» AH, АН= «Ve, AS=+ve b. TAS» AH, AH=+ve, AS=-ve 
C. TAS=AH, AH=-ve, AS=-ve d. TAS= AH, AH=+ve, AS=+ve 


Q3. Certain reaction is at equilibrium at 82°C and the enthalpy change for this reaction is 21.3 kJ. The 
value of AS (in JK" mol") for the reaction is 


a. 55.0 b. 60.0 
c. 68.5 d. 120.0 
Q4. Which ofthe following thermodynamic relation is correct? 
a dG=VdP-SdT b. dU-PdV«TdS 
c. dH=VdP+TdS d. dG-VdP«SdT 


Q5. Foragaseous reaction A + 3B——2 C, AH? = -90.0 kJ, AS? =- 200.0 J K'at400 К. What is AG’ for 


thereaction 1 A + 3 B—Cat400K? 
2 2 


a -5.00Ј b. -10.0 kJ 
C. -15.00Ј d. -20.0 kJ 
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Q6. 


07. 


08. 


09. 


010. 


011. 


The values of AH and AS for the reaction Cani + ©0,(0) — 2 СО (g) are 170 kJ and 170 JK" 
respectively. This reaction will be spontaneous at 


a. 910K b. 1110K 
c. 510К d. 710K 


A reaction is spontaneous at low temperature but non-spontaneous at high temperature. Which 
ofthe following is true forthe reaction? 


a. AH>0,AS>0 b. AH<0,AS>0 
C. AH>0,AS<0 d. AH<0,AS<0 


AG’ for a reaction is 46.06 kcal/mole, K, for the reaction at 300 Kis 

a. 10° b. 1077 

c. 107” d. none of these 

The enthalpy change for the reaction, Zn (s) + 2 Н" (aq) — Zn” (aq) + H, (g) is -154.4 kJ mol". 


The formation of 2 g of hydrogen expands the system by 22.4 L at 1 atm pressure. The internal 
energy change of the reaction will be 


a.  156.kJ b. -152.1 kJ 

C. | -1544kJ d. None of these is correct 

Two moles of an ideal gas is expanded isothermally and reversibly from 1 litre to 10 litre at 300 K. 
Theenthalpy change (in kJ) for the process is 

a  114kJ b. -11.4kJ 

c.  OkdJ d. 4.8 kJ 


When 0.1 mole of a gas absorbs 41.75 J of heat at constant volume, the rise in temperature 
occurs equal to 20°С. The gas must be 


а. triatomic b. diatomic 


c. polyatomic d. monoatomic 
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Q12. 


Q13. 


Q14. 


Q15. 


Q16. 


Q17. 


An insulated container is divided into two compartments. One compartment contains an ideal 
gas at a pressure P and temperature T while in the other compartment there is perfect vacuum. If 
a hole is made in the partition wall, which of the following will be true? 


a. AU=0 D. w=0 
C. AT=0 d. Allthe three are true 


One mole of a non-ideal gas undergoes a change of state (2.0 atm, 3.0 L, 95 К) — (4.0 atm, 5.0 
L, 245 К) with a change in internal energy, AU = 30.0 L atm. The change in enthalpy (AH) of the 
process in L atm is 


a. 44.0 b. 42.3 
c. 44.0 d. not defined, because pressure is not constant 


An ideal gas is allowed to expand both reversibly and irreversibly in an isolated system. If T, is the 
initial temperature and 7, is the final temperature, which of the following statements is correct? 


д. (T). > ( Т) irrev 

b.  T,-Tjforboth reversible and irreversible processes 

C. ( Tits: > ( Ds 

d. Т> T for reversible process but T,= T, for irreversible processes 


One mole of an ideal gas expands freely and isothermally at 300 K from 10 litres to 100 litres. If 
AU -0,the value of AH is 


a.  10kJ b. 200 kJ 
C. Zero d. 300 kJ 


Which one of the following equations does not correctly represent the first law of 
thermodynamics forthe given process? 


a. Isothermal process : q =-w b. Cyclic process : q =-w 
б; Isochoric process : AU=q d. Adiabatic process : AU = -w 


When 100 g of water is electrolysed at constant pressure of 1 atm and temperatureof 25°C, the 
work of expansion is 


a.  -203.8kJ b. - 20.6 kJ 
c. -23.6КЈ d. -101.9kJ 
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Q18. 


Q19. 


Q20. 


021. 


Work done in expansion of an ideal gas from 4 йт? їо 6 dm? against a constant external pressure 
of 2.5 atm was used up to heat up 1 mole of water at 20°C. The final temperature of water will be 
(Given: specific heat of water = 4.184 J g' K^) 


a 2a¢6 b. 24.7°C 

C. 25/0 d. 26.7 C 

The bond dissociation energies of XY, X, and Y, (all diatomic molecules) are in the ratio 1:1:0.5 
and AH for the formation of XY is -200 kJ mol”. The bond dissociation energy of X, will be 

a. 400 kJ mol" b. 800 kJ mol" 

c. 200 kJ mol" d. 100 kJ mol” 

Under which of the following condition is the relation AH - AU + pA V valid for a closed system? 


a. constant pressure 
b.  constanttemperature 
c.  constanttemperature and pressure 


constanttemperature, pressure and composition 


Given NH, (g) + 3 CI, (g) == NCI, (g) + З HCI (g); - AH, 

N, (9) +3 H, (0) — 2NH, (g);- AH, 

H, (0) + Cl, (0) —> 2 HCI (g); АН, 

The heat of formation of NCI, (g) inthe terms of AH,, AH, and AH, is 


a. AH = -AH Et Es AH, 





b. AH = AH, + =F 





e AH = AH, - РА AH, 


d. None 


UDAON 


A program to give wings to girl students CH EM ICAL THERMODYNAM ICS 
Q22. Given thatthe enthalpy of formation of H,O is -68 kcal mol", the enthalpy of formation of OH ions 
will be 
a.  -34kcalmol" b. -81.7 kcal mol” 
c.  -27.4kcal mol" d. -54.3 kcal mol” 


Q23. Н, (g) + 1/20, (g) — H,0 (I) ; AH = -68 kcal 

К (s) + H,O (I) +aq—» КОН (aq) + 1/2 H, ; AH" = -48 kcal 

KOH (s) + aq— KOH (ад); AH’; =-14 kcal 

From the above data, the standard heat of formation of KOH in kcal is : 

a. -68+48-14 b. -68 - 48 +14 

C.  68-48414 d. 68 +48 +14 
024. Given: CH, (g) + Cl,(g) — CH,CI (g) + НСІ (g), AH - -100.3 kJ 

Bond energies : C - H 2 413 kJ тої" 


CI - CI 2243 kJ mor" 

H-Cl=431 kJ mor 
The energy of C - Cl bond will be 
a. 225.0kJ mol" b. 425.6 kJ mol” 
c.  3253kJmol' d. 261.0 kJ mol” 


Q25. The bond energies of C - C, C 2 C, Н Hand С-Н linkages are 350, 600, 400, and 410 kJ per mole 
respectively. The heat of hydrogenation of ethylene is 


a — -170kJ mol" b. -260 kJ mol” 
c.  -400kJ mol" d. | -450kJ mol" 
026. Enthalpy of CH, + 0, —> CH,OH is negative If enthalpy of combustion of methane and CH,OH 
are xand yrespectively, then which relation is correct? 
a х>у b. х<у 


сӣ х=у d. х>у 
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027. When 1 mole of crystalline NaCl is obtained from sodium and chlorine gas, 410 kJ of heat is 
released. The heat of sublimation of sodium metal is 108 kJ mol” and CI-CI bond enthalpy is 242 
kJ mol". If the ionization energy of Na is 493.0 kJ mol” and the electron affinity of chlorine is 368 
kJ mol", the lattice energy of NaCl is 


a.  764kJmol' b. -764 kJ тої 
c.  885kJmol' d. -885 kJ mol’ 


Q28. The lattice enthalpy and hydration enthalpy of four compounds are given below : 


Compounds Lattice enthalpy Hydration enthalpy 
(in kJ mol") (in kJ mol") 

Р +780 -920 

Q +1012 -812 

R + 828 -878 

S 1632 - 600 

The pair of compounds which is soluble in water is 

a.  PandQ b. Qand R 

c. Rands d. PandR 


Q29. Giventhe following data : 
A,H(C,H,) = 12.5 kcal 
Heat of atomisation of C = 171 kcal 
Heat of atomisation of H 2 521 kcal 
Bond energy of C-H bond = 99.3 kcal 
Whatis C = C bond energy? 
a. 1407 kcal b. 36 kcal 
c.  40kcal d. 76 kcal 
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Q30. Ifan endothermic reaction occurs spontaneously at constant T and P, then which of the following 
is true? 
a. AG>0 b. AH<0 
Cc. <AS>0 d. AS<0 


Q31. For the given reaction Н, (g) + Cl, (0) + (aq}— 2 Н“ (aq) + 2 CF (aq), AG = -262.4 kJ The value 
of Gibbs energy of formation (A,G’) for the ion СГ (aq), therefore, will be 


a -131.2kJ mol" b. * 131.2 kJ mol" 
C. -262.4К) mol" d. + 262.4 kJ mol" 


Q32. Considerthe reaction 
4NO, (g) + O, (g) —»2N,0, (0) A-H=-111 kJ 


If N,O, (s) is formed instead of N,O, (g) in the above reaction, the A,H value will be : (given, AH of 
sublimation for №,0, is 54 kJ mol’) 


a. +219kJ b. -219 kJ 
C.  -165kJ d. 154 kJ 
Q33. Oxidizing power of chlorine in aqueous solution can be determined by the parameters indicated 
below: 
HCl, (д) 228 соу BaH, cr (g) Sue cr (ag) 
The energy involved in the conversion of 7201, (g) to Cl (aq) 
(Using the data, Asss Н = 240 kJ/mol, A,,H „= -349 kJ/mol, АН = -381 kJ/mol) will be 
a.  -610kJmol b.  -850 kJ mol" 
C.  «120kJ mol" d. — +152kJ mol” 


Q34. Standard entropy of X,, Y, and XY, are 60, 40 and 50 J К' mol”, respectively. For the reaction 
3 X, + 5y, —> XY, AH=-30kd, to be at equilibrium, the temperature will be 


a. 500K b. 750K 
c.  1000K d. 1250K 


Q37. 


Q38. 


Q39. 
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Q35. Fora particular reversible reaction at temperature Т, AH and AS were found to be both «ve. If T, 
is the temperature at equilibrium, the reaction would be spontaneous when 
a. Т= Т, b. TT 
C. IF d. T,is5times T 
Q36. The value of enthalpy change (AH) for the reaction 


C,H,OH(I) + 30,(g)  2C0,(g) + 3H,O(l) 


at 27°C is - 1366.5 kJ mol". The value of internal energy change for the above reaction at this 
temperature will be : 


a.  -1364.0kJ b. -1361.5 kJ 

Cc. -1371.5КЈ d. -1369.0 kJ 

The incorrect expression among the following is : 

a. K=e ae b. AG sen = -Т 
АТ Абы 


c.  Inisothermal process, Wreversie= “ART In M 
V 


d. Ink =~ AH: TAS’ 
RT 


A gas present in a cylinder fitted with a frictionless piston expands isothermally against a 
constant pressure of 1 bar from a volume of 2 L to 12 L. In doing so, it absorbs 820 J heat from 
the surrounding. The change in internal energy during the process is : 


a.  -180J b. -18J 
C. +1620) d. +920J 
A system containing an ideal gas was subjected to a number of changes as shown in the p-V 


diagram. In the following cyclic process, A to F specify the type of change taking place from B to 
C. given that the 


Temperature at A, Band F= T, 
Temperature at C, D and E= 7, 
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T;« T, 
| A B 
P 
F С 
Е D 
V -—> 
а.  lsochoricand isothermal (pressure falls) 
b. Adiabatic compression, temperature increases to T, 
c. Adiabatic expansion, temperature fall to T, 
d.  Isochoricand isothermal (pressure increases) 
Q40. Inthe reactions 
|: H, =» 2H AH -436 kJ 
Il: H, +120, — Н,0 AH=-241.81 kJ 
IIl: 2H +120, —  H,0 AH=? 
Н,О can be formed either by II or IIl. Ratio of enthalpy change in III to Il is: 
a. 28 b. 1:2 
c. 0.36 d. 0.82 
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Answer Key 
1. b 2. а 3. b 
4. а 9; а 6. b 
7. d 8. C 9. а 
10. C 11. b 12 d 
13. E 14 b 15 C 
16. d 17. b 18. d 
19. a 20 a 21 a 
22. d 23 b 24 C 
25. a 26 b 27 b 
28. d 29 30. C 
31. а 32 33. а 
34. b 35 C 36. а 
37. d 38 a 39 C 
40. a 


UNIT - 7 (Part - A) 


EQUILIBRIUM 


Chemical reactions can be classified as reversible and irreversible reactions. The reactions which 
occur in one direction i.e. forward direction such that reactants are completely converted into 
products are called irreversible reactions. 


e.g. (i) reaction between equimolar amounts of barium chloride and sodium sulphate resulting in 
the formation of barium sulphate. 


BaCl, + Na,S0, — Ва50, + 2NaCI 
(ii) neutralization reaction 
Н,50,+ 2Na0H — Na,SO,+2H,0 


The reactions which can occur in both the directions i.e. forward and backward directions, under 
similar conditions are called reversible reactions. 
e.g. (i) when hydrogen gas is passed over heated iron oxide, iron and water are produced. 

Fe,0,+4H, — 3Fe+4H,0 
On the other hand if steam is passed over powdered iron at the same temperature, oxide of iron and 
hydrogen are formed. 

3Fe - 4H,0 — Fe,0,+4H, 
When the reaction is carried out in a closed vessel, both reactions can take place in the vessel. 


Thus, reactions which proceed in both the directions and donot reach to completion stage are called 
reversible reactions. 


3Fe +4H,0 <= Ре,0, + 4H, 


The characteristic property of a reversible reaction is that it always attains a state of chemical 
equilibrium. It is defined as "The state in which the measurable properties of the system such as 
pressure, density, colour, concentration do not undergo any change with time under given set of 
conditions". 


At equilibrium, the rate of the forward reaction is exactly equal to the rate of the backward reaction. In 
this state, the concentrations of reactants and products attain a constant value. This state will continue 
indefinitely if the conditions such as temperature and concentration are not changed. 


The study of chemical equilibrium helps in the elucidation of the optimum conditions for greater yields 
ofthe product. 
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Characteristics of Equilibrium State 


(i) Itis achieved in a closed system only. 


(ii) Itis dynamic, can be attained from either side i.e. from the side of reactants or products. 
(Fig. 1) 
R =P 


concentration 
М 
concentration 


U 
20 





equilibrium 
— time —— 


Fig. 1 : Dynamic Equilibrium 
(iii) А catalyst cannot alter the state of equilibrium. It simply helps to attain equilibrium 
quickly. 
Types of chemical equilibria 


1.  Homogeneous equilibria, i.e., when all the reactants and products are present in the same 
phase (all gaseous or all liquids). Gaseous reactions are of two types: 


i. In which n, 2 n, e.g., N,(g) +0,(g) = 2NO(g) 
li. In which n, zn, e.g., N,(g) +3H,(g) => 2NH, (g) 


2. Heterogeneous equilibria, i.e., when all the reactants and products are not in the same 
phase, e.g., 


CaCO, (s) <= СаО (s) + CO, (g) 


The Law of Chemical equilibrium 
Application of Law of Mass Action 
Consider a reversible homogeneous reaction at equilibrium state. 
aA + bB — cC + dD 
Letthe active masses ofA, B, C, D be [A], [B], [C] and [D] respectively. 


Active Mass 
(i) For solution and gases active mass is the molar concentration. 


(ii) For solids and pure liquids, active mass is unity. 


20,02 
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K, is known as equilibrium constant. It has a definite value for every chemical reaction at a given 
temperature regardless of concentration of reactants. 





Equilibrium constant can also be expressed in terms of partial pressure (К,) or mole fraction (Kj) 
For gas phase reactions 
Pa Ds 
Relation between K, and K, 
K, - K(RT)" where An = (n,—n,) for gaseous species 
If Anz 0, K, - K, 
If An = ve, К> K, 
If An =—ve, K, « К, 


Equilibrium constant can also be expressed in terms of mole fraction, x 


K = X: 
к a E 
XN 
Relation between K, and K, 


When concentration are expressed in terms of mole fractions 
We know that partial pressure (p) - Mole fraction x Total pressure (P) 


For the gas phase reaction, аА + bB cC +dD 
Pa XP ;рь=ХР ; 
pc = XP; Po = XP 
K, - PR - (XP) (X P)" - X) XV X pt 
PAP) (х,Р)(хР) хх pes 
= K pore) = KP“ 








Characteristics of equilibrium constant. 


1. Equilibrium constant of a reaction is constant at constant temperature and does not 
depend upon the concentrations of reactants. 
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vi. 


If reaction is reversed, equilibrium constant is inversed, e.g., if itis K for A + B == С +D, 
thenforC +D => A+B, itis 1/K. 


If equation with equilibrium constant K is divided by 2, the new equilibrium constant is 
JK. 


If equation with equilibrium constant K is multiplied by 2, equilibrium constant for the new 
equation will be K’. 


If the reaction with equilibrium constant K takes place in two steps having equilibrium 
constants К, and K,, then K = K, x K,. 


Value of equilibrium constant is not affected by presence of catalyst. 


Units of equilibrium constant 
K,- (mol 1)“ 
K,-(atm)" ог (bar) 


Ап =(n,—n,) gaseous 


Effect of temperature 





"RSS 11 
K 2.3038 |T T, 


where K, and K, are the equilibrium constants at temperatures T, and T, respectively, AH is the 
enthalpy of the reaction and R is the gas constant. 


For 


AH = 0, equilibrium constant remains same at all temperatures. 
AH = (+)ve, the value of equilibrium constantis higher at higher temperatures. 
AH = (-)ve, the value of equilibrium constantis lower at higher temperatures. 


Reaction Quotient – Predicting the direction of the Reaction 


Reaction Quotient may be defined as : 


The ratio of molar concentrations or the partial pressures of the product species to that of the 
reacting species at any stage in the reaction, each term being raised to the power equal to its 
stoichiometric coefficient. 


If molar concentration of the species are considered, the reaction quotient is called concentration 
quotient (Q,). It is known as partial pressure quotient (Q,) in case the partial pressures of the different 
species are considered. 
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Fora reversible reaction, aA+bB => cC + dD 
Normally reaction quotient is indicated as Q and equilibrium constant as K. Predicting the direction of 


the reaction based on relative values of Q and K. 









































0, 
It may be noted that if Q = К, the reaction is in a state of go x М 
equilibrium апа in case 0 = К, the reaction is not іп a state ої K m 
equilibrium. Depending upon the conditions, Q and K may be a 
related to each other as : 
(i) X IfQzK,thenthe reaction isin a state of equilibrium. { 
(ii) If Q > К, then the products are present in large 
amount as compared to their equilibrium < pest de e 
Net reaction No net reaction Net reaction 


Q.1 


Ans. 


(ii) 


concentrations therefore, the net reaction Will goes trom left the reaction is goes from right 
proceed in the backward direction to attain !orioh at equilibrium to left 
equilibrium. 

If Q « K, then the products are present in smaller amount as compared to their equilibrium 
concentrations. The net reaction will proceed in the forward direction to attain 
equilibrium. 


Considera reaction 


A(g) + 2B(g) — C(g) 


At what pressure, 5096 of A is converted into product when 1 mole of A is mixed with 2 moles of 
B. Given that the temperature of the system is 400 К and the value of K, = 0.35. 


Since pressure is to be calculated, the given value of K, is expressed in terms of K, using 


K, КВТ)" 


Here Anz1-3-2-2 


K, = 0.35 x (0.0821 x 400) 


=3.2x 10" 

For reaction 
Moles A + 2B E C 
Initial 1 2 0 
at equilibrium 1-х 2-2x X 


Total moles at equilibrium = 1—x+2-2x+x 
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Q.2 


Ans. 

















-3-2X 
Let ‘P’ be the equilibrium pressure 
x P 
к = Ps „_ 3+2x 
"  pp,)? (1-хР\ /2-2хР V 
3—2x J \3—2х 
_ x(3—2x)* 
P^(1—x)(2-2x)* 
Given x = 0.5 
__ 05(8-1y _ 05x4 
(0.5) (2-1 x P? 0.5x1xP? 
4 
K, = » 


or Pelle (1115107 
2X 


=> P=111atm 


Consider the equilibrium A(g)+2B(g) — C(g) 


At a certain temperature, the equilibrium concentrations of A and B are 2 M and 3 M respectively. 
When the volume of the vessel is doubled, the equilibrium is reestablished, the concentration of 
B is found to be 2M. Calculate K, and concentration of ‘C’ at two equilibrium stages. 


Given, A(g) + 2B(g) = C(g) 
Let at first equilibrium, the concentration of C be x 
[A] = 2M, [B] = 3M, [C] = xM 
Кы ШШ zx. (i) 
[A] [B]? 18 


When volume is doubled, concentrations are halved, a new equilibrium is established but the 
value of Kc will remain the same. Therefore we have to calculate reaction quotient ‘Q’ in order to 
determine the direction of equilibrium. 
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I] _ x2 _ 2x 


TAB Qu)2y 9 
since Q > K, the reaction will proceed in backward direction, Let ‘y’ M be decrease in the 








concentration of C 
Concentration A B C 
Initial 1 1.5 x/2 
Atnew equilibrium 1+у  1.542y  X2-y 
Given [B] =2 M 
=> 1.5+2y=2 
2y=2-1.5=0.5 
y=0.25M 


=  Atnewequilibrium 
[A] 21.25; [B]=2M; [C]=(x/2-0.25)M 
(2-025) 0 — .. (ii) 
(1.25) (2)° 
Comparing equation (i) and (ii) 
X _(%2-025 _, уу 


18 (1.25) (2)? 


C 





ek [6] =2:— 095 


25 

2 

= 112 . 925 = 031M 
2 

K, == 172 x 10° 
18 


Activation Energies for forward and Backward reactions 


In a reversible reaction, both reactions follow the same path and form the same activated complex but 
their activation energies are different. 


aQ Ov 
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Exothermic reaction Endothermic reaction 


Ea, 
Products 





Potential Energy (KJ) 
Potential Energy (KJ) 


Reactants 





Progress of reaction Progress of reaction 
AH = E(f) – E. (b) 
For exothermic reactions, AE is negative 


For endothermic reaction, AE is positive 


Standard Gibbs energy change of a reaction and its equilibrium constant 


Let AG" be the change in Gibbs energy during the reaction when all the reactants and products are іп 
the standard state (1 bar) and K, be the thermodynamic equilibrium constant of the reaction. Both are 
related to each other at temperature T by the following relation: 


AG’ =— 2.303 RT log K, 


This equation represents one of the most important results of thermodynamics and relates the 
equilibrium constant of a reaction to a thermochemical property. It is sometimes easier to calculate the 
Gibbs energy ina reaction rather than to measure the equilibrium constant. 


Standard Gibbs energy change can be thermodynamically calculated as : 
AQ’ = AH" - TAS" 
Неге ЛН?” = standard enthalpy change 
AS° = standard entropy change 
(i) ^ WhenAG'-0,thenK, - 1 


(ii) ^ When AG’ > 0, i.e., «ve, then K, < 1. In this case, reverse reaction is feasible, i.e., less 
concentration of products at equilibrium state. 


(iii) When AG’ < 0, i.e., —ve, then K, > 1. In this case forward reaction is feasible thereby 
producing thereby a large concentrations of products till the equilibrium is reached. 
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Intercept = ..AS* 
2.303 R 





АН" 


Slope = 
2.303 R 





log, K, > 





10 > 


Fig : Variation of Equilibrium constant with inverse of temperature 


Q.3 Calculate K, and K, for the reaction 
CO(g) +2H,(g) <= CH,OH(g) 


When hydrogen gas is introduced in a 10 L flask at 300°C containing 0.2 mole of CO(g) and a 
catalyst until a pressure of 5 atm is attained and when equilibrium is reached 0.1 mole of 
CH,OH(g) is formed. 


Ans. Let the mole of hydrogen gas introduced be ‘a’ then the initial moles of reacting species in the 
system by 0.2 +a 


The value of ‘a’ can be calculated by using equation 
PV =nRT 

giventhat P=5atm 
V=10L 
R=0.082 Latm mole” K^ 


fm M L4 09 4 4 2 9X10 


RT С 0.082x573 
a-0.86 mole 
The number of moles of various species in the system at equilibrium can be represented as 
CO(g + 299) = CH,OH(g) 





0.2-x 0.86-2x X 

0.2-0.1 0.86-0.2 0.1 
Molar 0.1 0.66 0.1 
Concentration 10° 40. 10 

к. = [СНОН] 

сон 
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Q.4 


Ans. 


= 229.56 mol” L’ 
К,= КАТ)" 
here Ап=-2 
K, = 229.48 (0.082 x 573) * 
= 0.1039 atm” 


At 55"C and 1 atm, 50.3% of N,O, decomposes as per the following reaction 
N,O,(g) <= 2NO;(g) 
At what pressure, the equilibrium mixture has the amounts of NO, and №,0, in the ratio 1 : 10 








N,O,(g) == 2NO;(g) 
Atequilibrium  (1—X) 2X 
pN,O,- xy ` РМО, = (=F 
1+x 
K, (2) 4x’P 











e Ee 
1+х 


Given x 2 0.503and P = 1 atm 
K, = 1.3548 atm 


At pressure ‘P,’, the value of K, remains same, as equilibrium constant K, is independent of 
pressure 
N,0, => 2NO, 
1-x 2х 
Given that 
335 Л. 
2x 10 
= Х=0.833 
At new pressure P, 
K, = 40Р, . 1.3548 
1-х? 
Р, = 0.15 аїт 
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LE CHATELIER’S PRINCIPLE 


If a system, at equilibrium, is subjected to a change of concentration, pressure or temperature, the 
equilibrium shifts in the direction that tends to undo the effect of the change. 


This leads to the following important results : 


(i) An increase in concentration of reactants always favours forward reaction so as to reduce 
the amount of reactants. 


(ii) ^ An increase in concentration of products always favours backward reaction so as to 
reduce the amount of products. 


(iii) Ап increase in pressure always favours the reaction where the number of gaseous 
molecules is reduced. 


(iv) Ariseintemperature favours the endothermic reaction 


Effect of addition of inert gas 


AV = 0, V «constant An = 0, -veor -ve No effect 


AV #0, V zconstant Ап =0 No effect 
AV #0, V zconstant An»0 Forward shift 





AV #0, V zconstant Ап<0 backward shift 


Applications of Le Chatelier's Principle 
1.  Physicalequilibrium 
(a) Ice-water system (Melting of ice) : The change can be represented as 
Ice + Heat = Water 


In this change, heat is absorbed (endothermic) and there is decrease in volume. 
According to Le Chatelier's principle, the favourable conditions for the melting of ice are: 


(i) | High pressure and 
(ii) High temperature 
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(b) 


Water-water vapour system (Vaporisation of water) : The change can be represented as: 
Water + Heat — Water vapour 


This change is endothermic (heat is absorbed) and there is increase in volume. Thus, 
favourable conditions forthe conversion of water into water vapour are : 


(i) High temperature and 

(ii) Low pressure 

Effect of pressure on solubility of gases : 
Gas + Solvent = Solution (and V,» V,) 


where V, is volume of left hand side components and V, is volume of right hand side 
components. An increase in pressure will favour forward reaction and thus solubility of 
gas increases with increase in pressure. 


Effect of temperature on solubility of solids: 
Solute + Solvent <= Solution, AH = «ve 


An increase in temperature always favours endothermic process and thus, solute having 
endothermic dissolution (e.g., urea, glucose) show an increase in their solubility with 
temperature 


Solute + Solvent — Solution, АН = уе 


Accordingly, solute having exothermic dissolution (e.g., lime, acids) show a decrease in 
their solubility with temperature. 


Note: (i) | Hydrated salts like CuSO,e 5H,0, CaCl,e 6H,0 etc. dissolve in water generally with 


absorption of heat. 
(ii) Solubility of NaOH increases with temperature although dissolution is exothermic. 


2.  Forchemicalequilibrium 


(a) 


Formation of ammonia 

№, + ЗН, == 2NH, AH = ~ve 

The increase in pressure favours forward reaction, 

The increase in temperature favours backward reaction. 


The increase in concentration of reactant(s) favours forward reaction. 
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The increase in concentration of product favours backward reaction. Thus, to get better 
yield of NH,, one must keep : 


(a) High pressure 


(b)  Lowtemperature 

(c) High concentration of reactants 

(d) NH, formed should be taken out as soon as it is formed in order to have low 
concentration of NH,, in equilibrium. This can be done by passing a stream of water 
through equilibrium mixture. 

Formation of HI 


Н,(0) +1,(g) == 2HI(g) + 3000cal 


Effect of concentration : When concentration of H, or l, is increased at equilibrium, the 
system moves in a direction which decreases the concentration, i.e. the rate of forward 
reaction increases thereby increasing the concentration of HI. 


Effect of pressure : As there is no change in the number of moles in the reaction, the 
equilibrium state remains unaffected by change of pressure. 


Effect of temperature : By increasing temperature the equilibrium state shift towards the 
reaction which moves with absorption of heat. The formation of HI is an exothermic 
reaction. Thus, the backward reaction moves faster when temperature is increased. 


In short, we can say that the favourable conditions for greater yield of HI are: 
(i) High concentrations of H, and l, and 


(ii) Low temperature 


Relation between vapour density and degree of dissociation 


In case of reversible reactions, degree of dissociation is determined by measuring density of reaction 
mixture at equilibrium. Consider a general reaction 


А = nB 
Initial no of moles 1 0 
No. of moles at equilibrium 1-x nx 
Total no. of moles = 1-x+nx 
/. Volume at equilibrium = [14x(n-1)]V litres 
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Q.5 


Ans. 


Q.6 


Ans. 


Let the initial volume be V litres. Let ‘D’ be the vapour density when there is no dissociation and 
‘d’ be the vapour density when degree of dissociation is ‘x’. 


=> "UH and d « 1 


V [14(n-1)x]V 








5 жы D-d 
(n-1)d 
or x= M-m 
(n-1)m 


where n = number of gas molecules produced by 1 molecule of the reactant. 
M = molar mass ofthe reactant 
and m = apparent molar mass of the reactant after dissociation. 
What is the percentage dissociation of N,O, at 350°C if the observed molar mass of N,O, at 350°C 
is 80 g/mol. 
Letthe degree of dissociation be ‘x’ 
№,0, = 2NO, 





x. M-m 
m(n- 1) 
М = 92 т = 80 
Tu 
80 


Percentage dissociation is 1596. 
1 mol of N, and 2 moles of PCI, are heated to 100°C in a 100 L container. The pressure at 
equilibrium is found to be 1.5 atm. Calculate the degree of dissociation of PCI.. 
Let ‘x’ be the numbers of moles of PCI, decomposed at equilibrium 
PCI,(g) — PCI, + СІ,(0) 
moles PCI, PCI, Cl, 
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initial 2 0 0 

atequilibrium 2-X X X 

Total gaseous moles in the container =n 


n=(2-x + X + X) 





=3+X 
Assuming ideal gas behaviour 
PV = nRT 
п = PV _ 15x100 
RT 0.082 x 373 
n= 49 
= x= 1,9 


degree of dissociation = D = 0.95 


= 959 
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PRACTICE QUESTIONS 
1.  Forthereaction: 
CO(g) + 1/20,(g) — CO,(g);K,/K, is 
a. RT b. (RT)" 
б (RT)? d. (АТ) 
2.  Fortheequilibrium reaction: 
N,0,(g) == 2NO,(g) 


the concentration of N,O, and NO, at equilibrium аге : 4.8 x 10° and 1.2 x 10° mol L” 
respectively. The value of K, for the reaction is : 


a: 3x10” molL" b. 3x10? то 
б: 3x10! mol L” d. 3.3x10 mol L” 


3.  Whatis the equilibrium expression for the following reaction? 
P,(S) +50,(g) <= Р,0„(5) 


a — K-[OJ b. — Kc-[P.0.]/[PJIO 
c — Ke[POJ/MPJO] od Ke d 
[01 


4.  Theequilibrium constant (K) for the reaction is 4.9 x 107 
$0,(0) => S0,(g) + 1/20, (g) 
The value of K, forthe reaction 
280,(g) + 0,(g) = 250,(0) is: 
a. 416 b. 2.4 x10? 
C. 9.8x10* d. 4.9x10° 


5.  Theequilibrium constant (К) for the reaction N,(g) + 0,(g)—=2NO(g) at temperature T is 4x 10 *. 
The value of K, for the reaction, NO(g) == E N.(g) + ; /g)atthe same temperature is 


a. 2.5x10 b. 4x10* 
C. 50.0 d. 0.02 
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6.  Forwhichofthefollowing reaction, K, = K,? 


а 2NOCI (g) <= 2NO (g) + Cl, (g) 
b. N, (0) +3 Н, (0) = 2NH, (9) 
С. Н, (g) + Cl, (g) => 2HCI (g) 

d. PCI, (g) + Cl, (g) == PCI, (g) 


7. Anequilibrium mixture for the reaction 
29,5 (g) — 2H, (g) + S, (9) 
had 1 mole of H,S, 0.2 mole of H, and 0.08 mole of S, in a2 litre flask. The value of K, in mol L” is 
a. 0.004 b. 0.08 
C. 0.016 d. 0.160 


8.  Forthereversible reaction 
N,(g) + 3H,(g) == 2NH, (0) 


at 500°C, the value of K, is 1.44 x 10° when partial pressure is measured in atmospheres. The 
corresponding value of K,, with concentration in mole litre ' is 


à 1.44x 10°/ (0.0832 x 500)* 
b. 1.44x107/ (8.314x 773)* 
b 1.44x 10°/ (0.082 x 773)’ 

d. 1.44x 10°/ (0.0832 x 773)” 


9. At constant temperature, the equilibrium constant (К) for the decomposition reaction 
N,O, <= 2NO, is expressed by 


K,= (4x’P) / (1-x’), where P = pressure, x = extent of decomposition. Which one of the following 
statements is true? 


a K, increases with increase of P 
b. К, increases with increase of x 
C. K, increases with decrease of x 
d. K, remains constant with change in P and x. 
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10. А mixture of N, апан, in the molar ratio 1:3 attains equilibrium when 50% of the mixture has 
reacted. If P is thetotal pressure ofthe mixture, then partial pressure of NH, formed is 
a. Р/2 b. P/3 
б; Р/4 d. P/6 
11. Forthe reaction: 
Н, (g) + CO, (g) = CO (g) + HO (0), if the intial pressure of [H,] = [CO,] and x moles / litre of 
hydrogen is consumed at equilibrium, the correct expression of K, is 
a. E b. (14 xy 
(1-х)? (1-х)? 
с. X d. X 
(24.XY 1-X 
12. Consider the following gaseous equilibrium with equilibrium constants К, and K, respectively 
50, (0) +20,0) = 80, (0) 
250, (9) — 250, (g) +0, (0) 
Theequilibrium constants are related as 
a. к? -1 b. 2K, = K, 
K, 
С. К, = 2 d. к = d. 
K? K, 
13. Consider the following equilibrium in a closed container : 


N,O, (g) <= 2NO, (g). Ata fixed temperature, the volume of the reaction container is halved. For 
this change, which of the following statements holds true regarding the equilibrium constant 
(K,) and degree of dissociation (о) ? 


a. Neither K, nor œ changes 

b. Both K, and a change 

C. К, changes but o: does not change 
d. К, does not change but o. changes 
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14. Chemical equilibrium is attained in a reversible reaction carried in a close container and is of 
dynamic nature. The value of equilibrium constant may be expressed either as K, and K, and the 
twoarerelatedtoeachotheras: ^— K,=K,(RT)"™ 


Free energy change (AG) at equilibrium point is zero. The value of equilibrium constant gives the 
extent to which a particular reaction has proceeded to attain the equilibrium. Its value becomes 
inverse of the initial value if the reaction is reversed and becomes the square root of the initial 
value if the reaction is divided by 2. 


1. 


ANSWERS 


A reaction attains equilibrium when the free energy change accompanying the reaction is : 
a. Positive and large b. Zero 

C. Negative d. Negative and small 

The equilibrium constant for the reaction : 

№, + ЗН, => 2NH,isK 

and for the reaction 

1/2N, + 3/2H, <= NH, is K’ 

К and K'are related to each other as : 


a. K=K’ b. K’= /K 
e: K = JK’ d. К x K’=1 
For the reaction 


PCI,+Cl, — PCI, 

the value of К at 250°C is 26 mol" L. The value of K,atthe sametemperature will be : 
a. 0.61 atm” b. 0.57 atm” 

C. 0.83 atm" d. 0.46 atm" 


When the two reactants A and B are mixed to give products C and D, the reaction quotient 
Q when the reaction begins is 


a. zero b. decreases with time 

б; is independent of time d. increases with time 

1. C 2 b 3. d 4. a 
5, b 6. d T. E 8. d 
9. d 10. b 11. a 12. a 
13. d 14. 1-b, 2-b, 3-a, 4-d 
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PRACTICE QUESTIONS 


1.  AandBare gaseous substances which react reversibly to give two gaseous substances C and D, 
accompanied by the liberation of heat. When the reaction reaches equilibrium, it is observed that 
K,=K,. The equilibrium cannot be disturbed by 


a. 
b. 
C. 
d. 


Adding А 
Adding D 
Raising the temperature 


Increasing the pressure 


2.  Thevalueofequilibrium constant for an endothermic reaction 


а. 
b. 
C. 
d. 


increases with increase of temperature 
decreases with increase of temperature 
is independent of temperature 


sufficient information is not available to answer the question 


3.  Areaction reaches a state of chemical equilibrium only when 


а. 
b. 
C. 
d. 


the reactants and the products are reacting 
the concentrations of the reactants and products become equal 
the products react together at the same rate at which they are formed 


all the reactants and the products are in the same state of matter. 


4. — Forthegas phase reaction 
2NO(g) = N,(g) +0,(g) + 43.5 kcal 


which one of the statements below is true for 
N,(g) + 0,(0) = 2NO(g) 


а. 
b. 


C. 


Kis independent of T 
Kincreases as T decreases 

K decreases as T decreases 

K varies with the addition of NO 
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5. According to Le Chatelier’s principle, adding heat to a solid and liquid in equilibrium will cause 
the 


a. temperature to increase 
b.  temperatureto decrease 
c.  amountofliquid to decrease 


d. amount of solid to decrease 


6.  Forthereaction 2A + BC; AH = +x cal. Which one of the following conditions would favour the 
yield of C on the basis of Le Chatelier principle? 


a. XA High pressure, high temperature 
b. Only low temperature 
p. High pressure, low temperature 
d. Only low pressure 
7. Бог the reaction PCl.(g) == PCl,(g) + Cl,(g) the forward reaction at constant temperature is 
favoured by 
a. Introducing an inert gas at constant volume 
b. Introducing PCI,(g) at constant volume 
c. Introducing PCl.(g) at constant volume 
d. Introducing Cl,(g) at constant volume 
8. Оп the basis of Le Chatelier’s principle, predict which of the following conditions would be 
un-favourable for the formation of SO,? Given that 
280, + 0, = 280,; AH = -42 kcal 
a.  Lowpressure 
b.  Highpressure 
б. Lowtemperature 


d. X High concentration of SO, 
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9.  Forthe chemical reaction: 
3X (g) * Y (g) = X;Y(g) 
the amount of X,Y at equilibrium is affected by 
a. temperature and pressure 
b. pressure only 
c. temperature only 
d. temperature, pressure and catalyst 
10. 2.2 moles of phosphorus pentachloride were taken in a closed vessel and dissociated into 
phosphorus trichloride and chlorine. At equilibrium, the total number of moles of the reactant 
and the products was 2.53. The degree of dissociation is : 
a. 0.33 b. 0.165 
B 0.15 d. 0.30 
11. Starting with 1 mole of N,O,, if ‘œ is the degree of dissociation of N,O, for the reaction : 
N,0, == 2NO, 
then at equilibrium the total number of moles of N,O, and NO, present is 
a. 2 b. 1-0 
с. (1-о)? d. 1+0 
12. Vapour density of PCI, is 104.16 but when heated at 230°C its vapour density is reduced to 62. 
The degree of dissociation of PCI, at this temperature will be 
а. 6.8% b. 68% 
C. 46% d. 64% 
ANSWERS 
1 d 2 a 3. C 4 C 
9 d 6 а 7 C 8 C 
9 а 10 C 11. d 12 b 
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CHEMICAL EQUILIBRIUM 
ASSIGNMENT - I 
OBJECTIVE QUESTIONS 
1.  Anaqueous solutions of hydrogen sulphide shows the equilibrium : 
Н,5 == H'« HS 


If dilute HCl is added to an aqueous solution of hydrogen sulphide without any change in 
temperature, then : 


a The equilibrium constant will change 

b The concentration of HS will increase 

с.  Theconcentration of un-dissociated hydrogen sulphide will decrease 
d The concentration of HS will decrease 


2.  Onapplying pressure to the equilibrium : ісе — water 
Which phenomenon will happen? 
a. More ice willbe formed 
b More water will be formed 
c. Equilibrium will not be disturbed 
d Water will evaporate 


3.  Thevapour density of completely dissociated NH,CI would be: 
Slightly less than half of that of ammonium chloride 


a 

b. Half of that of ammonium chloride 
C Doublethat of ammonium chloride 
d 


Determined by the amount of solid ammonium chloride used in the experiment 


4. Which ofthe following statements is (are) correct regarding the solubility of a non-reacting gas 
into a fixed amount of water ? 
a. The dissolution of gas results in the decrease of temperature 


b. The solubility is favoured by high pressure and low temperature 
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б. The volume of gas dissolved ata fixed temperature and pressure remains constant 
d. The amount dissolved increases exponentially with the pressure of the gas 

5. Ifthe reaction N,O, == 2NO,, is started with one mole of N,O, and œ is degree of dissociation of 


10. 


N,O,then the number of moles at equilibrium will be : 

a. 3 b. 1 

C. (1-о)? d. (1+0) 

Eight mole of а gas AB, attain equilibrium in a closed container of volume 1 dm? as, 
2AB, — A,(g) + 3B,(g). If at equilibrium 2 mole of A, are present then equilibrium constantis : 

a. 72 mol L”? b. 36 mol L” 

с. З mol L” d. 27 mol L” 


For the reaction, CO(g) + Cl,(g) => COCI,(g) the value of K/K, is equal to : 


a. 1.0 b. RT 
C. RT d d. 
RT 


A definite amount of solid NH,HS is placed in a flask already containing NH, gas at certain 
temperature and 0.50 atm pressure. NH,HS decomposes to give NH, and H,S and total 
equilibrium pressure in flask is 0.84 atm. The equilibrium constant for the reaction is : 


a. 0.30 b. 0.18 
p. 0.17 d. 0.11 


Fora polyprotic acid say H,PO,, its three dissociation constant K,, К„ and K, are in the order 

a. K,<K,<K, b. K,>K,>K, 

b. K =K, =K, d. K =K, >K, 

When a sample of NO, is placed in a container, this equilibrium is rapidly established. If this 


equilibrium mixture acquires a darker colour at high temperatures and at low pressure, which of 
these statements aboutthe reaction is true? 


2NO, (g) = №0, (9) 
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a. The reaction is exothermic and N,O, is darker in colour than NO, 
b. The reaction is exothermic and NO, is darker in colour than N,O, 
б. The reaction is endothermic and NO, is darker in colour than NO, 
d. The reaction is endothermic and N,O, is darker in colour than NO, 


11. Forthereaction CaCO,(s) => CaO(s) + CO,(g), the pressure of CO,(g) depends on 


a the mass of CaCO,(s) 

b. the mass of CaO(s) 

б. the masses of both CaCO,(s) and CaO(s) 
d. temperature of the system 


12. Forthe reaction N,O,(g) => 2NO,(g), the relation connecting the degree of dissociation (o) of 
N,O,(g) with the equilibrium constant K, is : 


Kp b. a K, 
4+K,/p 4+K, 


1/2 /2 
б, Q = K,/p d. Q = K, 
4+K,/p 4+K, 


13. Тһе concentration of a pure solid or liquid phase is not included in the expression of equilibrium 


a. a = 











constant because 

a. solid and liquid concentrations are independent of their quantities 

b. solids and liquids react slowly 

С. solids and liquids at equilibrium do not interact with gaseous phase 

d. the molecules of solids and liquids cannot migrate to the gaseous phase 


14. Whenabottle of cold drink is opened, the gas come out with a fizz due to 


a. decrease in pressure suddenly which results in a decrease in solubility of CO, gas in 
water 

b. decrease in temperature 

С. increase in pressure 

d. none ofthe above 
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15. Densities of diamond and graphite are 3.5 and 2.3 g/mL respectively. 


Increase of pressure onthe equilibrium; Diamond (s) — Graphite (s) 
a. favours backward reaction b. favours forward reaction 
б: has no effect d. increases the reaction rate 


16. Solubility ofa gas in aliquid increases on: 
a. addition of catalyst b. increasing the pressure 
C. decreasing the pressure а. increases the reaction rate 


17. Forthereaction [Ag(CN),] == Ag’ + 2CN’, the equilibrium constant K,, at 25°C is 4.0 x10™ then 
the silver ion concentration in a solution which was originally 0.1 molar in KCN and 0.03 molar in 


AgNO, is: 

a. 7.5x10" b. 7 5x10 

С. 7.5x10" d. 7.5x10° 
SUBJECTIVE QUESTIONS 


1. 13.8 g of N,O, was placed in 1 L reaction vessel at 400 K and allowed to attain eqn : N,O,(g) = 
2NO,(g). The total pressure at equilibrium was found to be 9.15 bar. Calculate К„ K, and partial 
pressures of N,O, and NO, at equilibrium. 

2.  Attemperature T, acompound AB,(g) dissociates according to the reaction 
2AB,(g) <= 2AB(g) + В,(0) 
with degree of dissociation as ‘œ which is negligibly small as compared to unity. Deduce the 
expression for ‘ог in terms of equilibrium constant K, and total pressure P. 

3. Asample ofair consisting of N, and O, was heated to 2500 K until the equilibrium 
N,(g) + 0,(0) == 2NO(g) 
was established with an equilibrium constant K, = 2.1 x 10°. At equilibrium mole % of NO was 
1.8. Estimate the initial composition of air in mole fractions of N, and О,. 


4. 0.96 g of HI were heated to attain equilibrium 2НІ == H, + l,. The reaction mixture on titration 
requires 15.7 mL of N/10 hypo solution. Calculate degree of dissociation of HI. 
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At 340 K and one atmospherec pressure, N,O, is 66% dissociated into NO,. What volume would 
10g of N,O, occupy under these conditions? 


6. Опе mole of N, and three mole of PCI, are placed in a 100 litre vessel heated to 227°C. The 
equilibrium pressure is 2.05 atm. Assuming ideal behaviour, calculate degree of dissociation of 
PCI, and K, ofthe reaction. 

7.  Avesselat 1000 K contains CO, with pressure of 0.5 atm. Some of the CO, is converted into CO 
on addition of graphite. Calculate the value of K, if total pressure at equilibrium is 0.8 atm. 

8.  Atwolitre vessel contains 0.48 mole of CO,, 0.48 mole of H,, 0.96 mole of H,O and 0.96 mole of 
CO atequilibrium, 
a. How many mole and how many 'g' of H, must be added to bring the concentration of CO 

to 0.6 M? 
b. How many mole and how many 'g' of CO, must be added to bring the concentration of 
CO to 0.6 M? 

б. How many mole of H,O must be removed lo bring the concentration CO to 0.6M? 

9. The standard Gibbs function at 400 K for the isomerization of cis 2-pentene to trans 2-pentene 
is -3.67kJ mol". Calculate K,. 

10. Thedissociation pressure of solid ammonium hydro-sulphide at 27°C is 60 cm. What will be the 
total pressure when it dissociates at the same temperature in presence of NH, at a pressure of 45 
cm? Assume NH,HS dissociates completely into NH, and Н,5. 

ANSWERS (OBJECTIVE) 
1. d 2. b 3. b 4. bandc 
B: d 6. d 7 d 8 d 
9. b 10. b 11. d 12. C 
13 a 14 a 15. a 16 b 
17. һ 
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ANSWERS (SUBJECTIVE) 


1. 


2. 


202 


К,= 85.87, K,=2.6, Pyo, = 0.81 bar, Pyo, = 8.34 bar 


x= 3 [2K 


p 
79% 
20.9% 
5.02 litre 
K, = 0.20, Degree of dissociation = 33.13% 
1.8 


а= 1.26 mole, 2.520 
b = 1.26 mole, 55.440 
с= 1.008 mole 


3.014 
15cm 


UNIT - 7 (Part - B) 


EQUILIBRIUM 


Itisthe study of equilibrium in the reactions where formation of ions takes place in aqueous solutions. 
The compounds which gives ions either in molten state or in solution are called electrolytes. The 
compound can be ionic (e.g. NaCl, KNO,, NaOH etc) or polar covalent (e.g. НСІ, HCN, NH,, CH,COOH 
etc). 

These electrolytes can be classified as 


(i) ^ Strong electrolytes — These electrolytes are almost completely ionised i.e. extent of 
dissociation is high (o. 1). Therefore, the concept of equilibrium doesnot arise in such 
cases. These solutions behave as very good conductors of electricity. 


(ii) Weak electrolytes - These electrolytes dissociate in a solution to a small extent. The extent 
of dissociation is much less than one. These solution are poor conductors of electricity. 


Vote : This classification of electrolytes is based on their behaviour only in water as solvent. 


The weak electrolytes can be categorized into three types 
(a Меакасідѕ : CH,COOH, HCN (апа all organic acids) 
(b) Weakbases: NH,OH and all organic bases 
(c) Sparingly soluble salts : AgCI, PbCl,, Ag,CrO, etc. 


Weak acids and weak bases 
Consider ionisation of a weak electrolyte say a monoprotic acid, HA 
НА (ад) + Н,0(1) ==  H,0'(aq)«A (aq) 


Or HA = HH + А 
Moles before dissociation 1 0 0 
Moles after dissociation 1—0 a a 


where, œ is degree of dissociation of weak acid HA. Let ‘c’ mol litre ' be concentration of acid HA, 
then 


[HA]=c(1-a); | [H']2Co'; [A] = ca 
According to the law of equilibrium 
K= [H'] [A] _ со. со 
[HA] c(1—o) 
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2 
K= Ca 
(1-a) 
where, K, is dissociation constant of the acid. Since for weak electrolytes ‘œ is small and thus, 
1-a=1 


K, 
K=co or az. = У 


where, V is the volume in litre containing 1 mole of electrolyte. 
Thus, degree of dissociation increases on dilution and this is known as Ostwald dilution law 


Similar expression can also be derived for a weak base BOH as, 





ВОН == B'« ОН" 
K = со? 
m= 
1-a 


If 1-о=1, K,- cod 


ora» | КЁ 
С 


where, K, is dissociation constant of the base. 


° The ion A formed during ionisation of HA is termed as its conjugate base and the ion B* 
formed during ionisation of BOH is termed as its conjugate acid. 


H,PO, : Its conjugate acid is H,PO, and its conjugate base is HPO,” 


° At a given temperature K, and K, are directly proportional to degree of dissociation (œ) 
therefore by comparing K, (or K,) of different acids (or bases) their strengths can be 


compared 
і.е. 28. = | Kar 
0, К.» 
ACIDS AND BASES 


Arrhenius Concept (1880 - 1890) 


1. An Arrhenius acid is a substance which furnishes hydrogen ions (H' ions) in aqueous 
solution, 


HCI  H' «Cr (strong acid) 
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CH,COOH <= CH,COO + Н“ (weakacid) 
ii. Ап Arrhenius base is a substance which furnishes hydroxyl (OH) ions in aqueous 


solution, e.g., 
NaOH  Na' + OH (strong base) 
NH,OH NH,’ + OH (weak base) 


iii. Тһе strength of an acid or base depends upon its tendency to furnish H* or OH ions in 
solution, respectively. 


iv. Water is amphoteric because it furnishes both H' and OH ions in solution 
H,0 == H'«0OH 


Limitations of Arrhenius concept 
. If fails to explain the behaviour of acids and bases in non-aqueous solvents. 


ii. If fails to explain the neutralisation reactions giving rise to salt formation in absence of 
solvent. 


e.g., C0, « Ca0 — CaCO, ; 
NH,(g) + HCl(g) — NH,Cl(g) or (s) 


Bronsted-Lowry Concept (1923) 
I. A Bronsted acid is proton donor whereas, a Bronsted base is proton acceptor. 
li. The strength ofthe acids / bases depends upon the tendency to donate / accept the proton. 
iii. Water is amphoteric because it donates as well as accepts proton. 


iv. A pair of Bronsted acid-base which differ by a proton is known as conjugate pair of 
Bronsted acid and Bronsted base 


Substance +H*ion=Conjugate acid 
Substance —H'ion- Conjugate base 
Conjugatebase Substance Conjugate acid 


OH” H,O H.0° 
ЄН C,H,0H C,H.OH, 
NH; NH, Nh; 
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Limitations - It does not explain the reactions between acidic oxides and basic oxides. 

Саб + CO, ә ~~ CaCO, 

basic oxide acidic oxide 
There is neither loss nor gain of a proton. 
It could not explain the acidic nature of BF,, AICI, etc. 
Dissociation constant of conjugate acid-base pair 
Letus consider, dissociation of weak acid HA in aqueous medium 

НА<=>Н' + А” 

Acid Conjugate base 

к = [IIA] 

[HA] — — — — — mem (i) 

Dissociation constant of conjugate base A` may be calculated as 

A +H,0 == НА+ OH. 

к„= [HA] [OH ] 

IN] н (ii) 

From eqns. (i) and (ii) 

K,K,- [H] [OH] 

KKK EK ts (iii) 
where K, - 10 ^ at25* C 
Taking logarithm of Eqn. (iii) 





log, K, +100 K, = log. К, 
-log,, K, -log,, K, = -log,, Ky 
pK, + pK, = pK, 
pK, - 14 at25?C 

or pK,+pK,=14 


Lewis concept (1939) 


A base is defined as a substance which can furnish a pair of electrons to form a coordinate 
bond whereas an acid is a substance which can accept a pair of electrons. 


206 


UDAON 


A program to give wings to gir students STUDY MATERIAL FOR CHEMISTRY - XI 


i) 


H,N: + BF,=H,N — BF, 
base acid 
H' + :NH, 2 [H NH]: 
acid base 
ВР, + [F] = [F — BF] 


acid base 


Lewis acids are 


Molecules in which the central atom has incomplete octet: 
BF,, BCI, AICI,, MgCl,, BeCl, etc. 

Simple cations : 

Na*, К", Ca”, Н", Ag’ etc. 

Molecules in which the central atom has empty d-orbitals : 


The central atom of the halides such as SiX,, GeX,, TiCl,, SnX,, PX,, PF,, SF,, SeF,, TeCl, etc. 
have vacant d-orbitals. 


iv. Molecules having a multiple bond between atoms of dissimilar electronegativity : 
Typical examples of molecules 
H 
CTUM S 
Lewis acid Lewis base 
Lewis Bases are 


Neutral species having at least one lone pair of electrons : 


For example, ammonia, amines, alcohols, etc. act as Lewis bases because they contain a 
pair of electrons. 


:NH,—NH, R-Q-H 
Negatively charged species or anions : 
For example, chloride, cyanide, hydroxide ions, etc. act as Lewis bases. 
CN’, CF, OH 
It may be noted that all Bronsted bases are also Lewis bases but all Bronsted acids are not 
Lewis acids. 
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Limitations of Lewis concept 


The important requirement of Lewis concept is the formation of a coordinate bond when a 
base reacts with an acid. However, well known acids such as НСІ, Н,50,, etc., do not form 
coordinate bonds. 


The neutralisation process is usually fast but the formation of coordinate bond is slow. 


Acid strength of simple cations increases with 


Increase in +ve charge on the ion, i.e., Fe” < Fe” 
A decrease in ionic radius K' < Na' < Li* 
An increase in effective nuclear charge for atoms Li’ < Be” < B” 


Note : The strength of cations as acids can alternatively be expressed in terms of effective 
nuclear charge. More is the effective nuclear charge more is the tendency to attract lone 
pair of electron and thus, more is acidic nature, i.e., 


Acidic nature order : > Nat > К“ 


An increase in the number and relative electronegativity of the atom attached to central 
atom SO, < 50. 


A decrase in atomic radius of the central atom. 


However, these rules show some anomalies, e.g., acidic strength of boron trihalides is 
BF, < BCI, < BBr, < BI}. 


Relative strength of acids and bases 


The ratio of strengths of acids is known as relative strength, i.e., 


Relative strength = 


Strength of acid | 
Strength of acid 11 





For weak acids 


Relative strength for weak acids can be derived as follows : 
Say acid HA, and HA, are taken, then for, 
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HA, = Н+А, 
K, - 6,04 
НА, == H' «A, 


K, = со 
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If concentrations are same, then 


Relativestrength = | Ka 
Kis 


Self lonisation of Water 


Pure water is a weak electrolyte and dissociates as : 


H,0 == H'«OH* 
or 2H,0 = H,0* + OH 
Before dissociation 1 0 0 
After dissociation 1—0 a a 


Applying the law of equilibrium to dissociation equilibrium of water 
_ [H* | OH] 
"  [H,0] 


where, K, is dissociation constant or equilibrium constant of water. 





Since, dissociation of water is too less and thus, [H,O], i.e., the concentration of undissociated Н,О can 
be taken as constant, therefore 


КІН,0]== [H] + [OH] 
or K,-[H][0H] 


The new constant K, is known as ionic product constant of water. The numerical value of K, increases 
considerbly with temperature. 


Temperature (°С) Value of K, 
0 0.11x10™ 
10 0.31x10™ 
25 1.00x 10" 
100 7.50x10^* 


The value of K, at 25°C is 1 x 10. Since, pure water is neutral in nature, H* ion concentration must be 
equalto OH ion concentration. 
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[H'] = [OH] =x 

or [H'][0H]2x 21x10" 

or xs1x10'M 


or [HW]-[0H]- 1x10" тое 


pH scale 
This concept was given by Sorensen in 1909. 


pH of a solution is the negative logarithm to the base 10 of the concentration of H' ions which it 
contains 


[H'] 2 10" 
pH =-100 [H'] 
pH =log 1 





[97] 

Just as pH indicates the hydrogen ion concentration, pOH represents the hydroxyl ion concentration 
pOH =—log [OH] 
Considering the relationship 

[H] [OH] 5 K, 2 1x 10^ 
Taking log on both sides 

log [H'] + log [OH ] = log K, 

-log [H'] -log [OH ] =-log 10 
or рН+рОН=14 


pH scale 


< Acid Base 


0 7 14 
Neutral 





As temperature increases both pH and pOH of pure water will decrease since there will be an increase 
in [H*] and [OH ] due їо increased dissociation. 
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Calculation of pH of weak acids 


Let us consider ionization of weak monobasic acid HA; its degree of ionization is ‘o 


% ionization 














Ф = 
100 
HA = H + A 
Initial moles C 0 0 
Equilibrium moles C-Co. ca ca 
[H] = со 
pH =—log,, [H’] 
pH =-log,, [Ca] 
Dissociation constant of the acid may be calculated as ; 
ee [H'] [A] _ c'o 
[HA] c(1-o) 
co 
КЕ 
When œ <<< 1, it can be neglected from denominator. 
K, - cod 
a= К, 
C 


[H] = со = /K,.c 


pH- 1 log(K,. с) 
2 


pH = = (PK,-l09,¢) 
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Calulation of pH of weak bases 


Let us consider, the ionization of weak base in aqueous medium 
NH,OH(aq)— NH,(aq) + OH (aq) 


Initial moles C 0 0 
Equilibrium moles C-CO ca ca 
[0H] = ca 

pOH --log [OH ] 

pOH = -log [ca] 


Dissociation constant of the base may be calculated as : 
_ [NH/][0H] 
i [NH,OH] 





When в <<< 1, it can be neglected from denominator. 
K, - со? 


«= [f 


C 


[OH] =./K,.c 


pOH =-log (K, x c)" 
pOH - + log (pK, - log,,c) 
pH = 14 -pOH 


pH=14 - 1 (pK,-loguc) 
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Q.1 


Ans. 


What is the pH of a O.1 M solution of acetic acid? To what volume must 500 mL of this solution 
be diluted so that the pH of the resulting solution will have twice the original value. Given K, = 2.0 
х10° 


CH,COOH(aq) —CH,COO (aq) + Н“ (aq) 
C 0 0 


C-Ca Ca Ca 


К, = (HT 2 ЇНЇ i eis small) 





C-[H'] C 
[H'] 2. /Kc 2 1.14 x 10?M 2 pH 22.85 


Also, 


са = [Н] > о = ЇНЇ 2 114x107 _ 0014 


с gi 

550-116 

This solution is to be diluted to make pH = 5.70 (twice the original) 
pH 2 5.7 2 [H'] 2 1.99 x 10?M 


+12 
Using K, = [T] (С> wis not small in very dilute solutions) 
c-[H'] 


[HT 
K 





=c = [H] + 


[1 


=2.19x10°M 


Originally, the solution was 500 mL of 0.1 M solution and the concentration of new solution 
obtained from this solution is 2.19 x 10°M 


Using M,V, = M,V, 

0.1x500=2.19x10°xV, 

\/,= 22.83 x 10° mL 

-228x10'L 

i.e. the given solution to be diluted to 2.28 x 10* L so as to have pH = 5.7 
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Q.2 


Ans. 


Q.3 


Ans. 
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Calculate pH ofa solution of mixture of 10 mL 0.1 M HCl and 90 mL 0.2 M HBr 


Both HCl and HBr are strong acids and therefore we can assume complete dissociation 
=» millimoles of H' from HCl 2 10x0.1 = 1 

millimoles of H' from HBr = 90x0.2 = 18 

Total moles of H' in solution 2 1+ 18 = 19 

Total volume of solution = 10 +90 = 100 mL 


[H] = 19 = 0.19M 
100 
pH=0.72 


Calculate the pH of 10° M HCI 

As the solution is dilute (concentration < 10° M), we will consider dissociation of water as well. 
[A Jor = [9+ Н 

=10°+x 

[OH Juror = [A] water = X 

K,- [Н [OH ] 

10 ^2 (x4 10?)x 

=x +10°x -10"^ = 0 

On solving the above quadratic equation 

x=9.52x10°M 

Now 

[H Joa = 10° +9.52x10° 

= 10.05x10° —1.05x10" 

pH 2 6.979 

However dilute the solution of an acid may be, it's pH will always be lessthen 7. 
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PRACTICE QUESTIONS 
1. The conjugate acid of NH, is 
a. NH,” b. NH, 
б. N.H, d. NH,OH 


2.  Theconjugateacid of HPO,’ is 
a. HPO, b. РО," 
C. HPQ, d. H40* 


3. Conjugate base of Hydrazoic acid (HN,) is 
a. HN, b. N* 
б, N,” d. N° 


4. Which ofthe following can act both as a Bronsted acid and a Bronsted base? 
a. HCI b. HPO, 
С: HCO, d. 0* 


5.  [hepHofasolutionis 5. Its hydrogen ion concentration is increased 100 times. Its pH will be 
a. 7 b. 3 
б. nearly 7 d. does not change 


6.  Anacidsolution of pH 2 6 is diluted 1000 times, the pH ofthe final solution becomes 
a. 6.95 b. 6 
6: 3 d. 9 


7. Which ofthe following solution will have pH close to 1.0? 


а 100 mL of M/100 HCI + 100 mL of M/10 NaOH 
b. 55 mL of M/10 HCI + 45 mL of M/10 NaOH 

C. 10 mL of M/10 HCI + 90 mL of M/10 NaOH 

d. 75 mL of M/S HCI + 25 mL of M/5 NaOH 
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10. 


11. 


12. 


13. 


14. 
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The pH of the solution produced when an aqueous solution of pH = 5 is mixed with equal volume 
of an aqueous solution of pH = 3 is 


a. 3.3 b. 4.5 
б. 3.5 d. 4.0 


A monoprotic acid (HA) is 1% ionised in its aqueous solution of 0.1 M strength. Its pOH will be 
a. 11 b. 3 
e. 10 d. 2 


The number of H+ ions present in 1 mL of asolution having pH = 13 is 
a. 10° b. 6.022 x 10" 
C. 6.022 x 10' d. 6.022 x 10" 


The pK, of 0.1 M acetic acid solution is 4.78. The pH of the solution will be 

a. 1.89 b. 2.89 

C. 4.89 d. 2.19 

1 ст? of 0.01N HCI is added to one litre of sodium chloride solution. The pH of the resulting 
solution will be 

a. 2 b. Г 

b. 5 d. 12 

A50 mL solution of pH = 1 is mixed with a 50 mL solution of pH = 2. The pH of the mixture will be 
nearly 

a. 0.76 b. 1.26 

B. 1.76 d. 2.26 


The pH of a solution obtained by mixing 50 mL of 0.4N HCI and 50 mL of 0.2N NaOH is 
a. -log 2 b. -log 0.2 
б. 1.0 d. 2.0 
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15. Byadding 20 mL of 0.1 N HCI to 20 mL of 0.001N KOH, the pH of the solution obtained will be 


a. 2 b. 1:3 
G 0 d. T 


16. ThepHof 1.0 M aqueous solution of a weak acid НА is 6.0. Its dissociation constant is 


a. 1.0x10* b. 1.0х10° 
С. 1.0 d. 6.0 

ANSWERS 
1 b 2 C 3. C 4 C 
9 b 6 a f d 8 а 
9 а 10 C 11. b 12 C 
13 b 14 C 15 b 16 à 
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HYDROLYSIS OF SALTS 


Determination of pH due to Hydrolysis of Salts 


The phenomenon of interaction of cations and / or anions of the salt with H' and OH ions furnished by 
water is called hydrolysis of a salt. 


There are four categories of salts 


(i) 


(ii) 


(iii) 


(iv) 


Salt of astrong acid and a strong base. 

Examples : NaCl, К,50,, NaNO,, NaBr etc. 

Salt of astrong base and a weak acid. 

Examples : CH,COONa, NaCN, NaHCO,, Na,CO, etc. 
Salt of a strong acid and a weak base. 

Examples : FeCl,, CuCl,, AICI}, NH,CI, CuSO, etc. 
Salt of a weak acid and a weak base. 

Examples : CH,COONH,, (NH,), CO,, NH,HCO, etc. 


Salts of strong acid and strong base do not undergo hydrolysis. They simply ionise and fail to 
change the H' ion concentration of solution and hence the pH of the solution remains 7 at 25°C. 


Salts of weak acid and strong base : Such salts give alkaline solution in water. 


(i) 
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Hydrolysis constant 


Representing the salt by BA, the hydrolysis may be represented as follows : 


BA + H,O ——BOH + НА 
Salt Strong Weak 
i { 


or В'+А + Н,0<= В“ + ОН + НА (В' remains in ionic state in water) 
or А+ Н,О<= ОН + НА 

i.e. itis a case of anion hydrolysis. 

The hydrolysis constant K, for the above reaction will be given by 

. [OH] [HA] 


K 
: [Ale (i) 
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Forthe weak acid HA, the dissociation equilibrium is 





НА = H*+A 
The dissociation constant К, of the acid HA will be given by 
к - IIIA] 
i [HA] n (ii) 
Further the ionic product of water K, is given by 
KSIHIOH] cn (iii) 


Multiplying equation (i) with (ii) and dividing by (iii), we get 
KK, _ [OH [НАЈ , [W][] у 1 

















K, [A] [HA] [Н] [OH ] 
KK, _ 1 
K, 
or K= K, 
Ko (iv) 


(ii) Degree of Hydrolysis 


Suppose the original concentration of the salt in the solution is c moles/litre and h is its 
degree of hydrolysis at this concentration. Then we have 


A«H,0 <= OH + НА 
Original molar conc. C 0 0 
Molar conc. at equilibrium c(1-h) ch ch 
The hydrolysis constant (K,) will, therefore, be given by 
[OH ] [HA] ch.ch ch? 
[A] c(1-h) та 


If h is very small as compared to 1, we can take 1 — h = 1 so that the above expression 
becomes 


ch^-K, or he or hea | К 
C C 





h 


Zid 
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Substituting the value of K, from equation (iv), we get 


h= [К 
Ke ite (v) 





(iii) pH 
(In the present case, we have) 
A+H,0 == OH + НА 


Original conc. C 0 0 
conc. at equilibrium c(1-h) ch ch 
i.e., [OH] ch 








HJ = К-К 
[OH] ch 


Substituting the value of ‘h’ from equation (v), we get 


[H] = & = [Kc 
C K 


w 


or [H]= 6 


C 
pH--log[H]--log [Kes =-0g («^ 
C C 


or pH -—À [logK,  logK,—logc] s- [pK, + pK,- logc] 


Thus knowing the molar concentration ‘с’ of the solution and the dissociation constant К, 
ofthe weak acid involved, the pH of the solution can be calculated. 
2.  Saltsofstrong acid and weak base: 
(1). | Hydrolysis constant 
For the salt BA, the hydrolysis may be represented as : 
ВА + H,O == ВОН + HA 


Salt Weak Strong 
{, { 
or В'+А +Н,0 =>BOH+H*+A (A remains inionic state in water) 
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(ii) 


(ii) 


or B'«HO = BOH«H' 
i.e. itis acase of cation hydrolysis. 
The hydrolysis constant K, will be given by 


K- [BOH] [H] 
: IB] ^ — ues (vii) 
Forthe weak base BOH, the dissociation equilibrium is 
BOH = B'« ОН" 
The dissociation constant K, of the weak base BOH will be given by 
«1811097 
ТЗ bat (viii) 
Theionic product of water K, is given by 
К,=[Н][0Ҥ] — 5 5 — 5 5 aw (ix) 


Multiplying equation (vii) with (viii) and dividing by (ix), we get 


KK 214 o к= E 
K, K ые (x) 





Degree of Hydrolysis 
Proceeding as in the earlier case, we get the same relationship viz. 


h = [№ 
C 
Substituting the value of K, from equation (x), we get 


h= [E 


Ke C (xi) 


pH 
(In this case, we have) 
B*+H,0 = ВОН + Н“ 


Original conc. C 0 0 
conc. at equilibrium c(1-h) ch ch 
= [H]=ch 
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Substituting the value of 'h' from equation (xi), we get 


W]sc. |. P wl 
пе K,.C (5 K, 
" К С 
=—|00(Н]=-—! NCMO 

og [H] te) 


or pH -— [logK, - logK, + log c] = t [pK,—pK,—log c] 





3. Salts of weak acid and weak base 
(i) ^ Hydrolysis constant 
Representing the salt by BA we have 
ВА+Н,0 = ВОН+НА 


Salt Weak Weak 
or B'«A«H,0 => BOH + НА 


i.e. it involves both anion hydrolysis as well as cation hydrolysis. Writing the various 
equation as before, we have 








[BOH] [HA] 
A7 [BIN] — 0 0 (xiii) 
Forthe weakacid, HA H' « A, sothatK, = IP 1I] 
[НАЈ (xiv) 
For the weak base, ВОН —B' + OH, sothat K, = ІВ ПОНІ 
[BOH] n (xv) 
Also, we knowthatK, = [H] [OH] n (xvi) 
Multiplying equation (iii), (xiv), (xv) and dividing by equation (xvi), we get 
ККК do a Rak 
K, KK, n (xvii) 


(ii) Degree of hydrolysis. 


In this case, we have 
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B «A + HO = ВОН + HA 





Original conc. С C 0 0 
Molar conc. at equilibrium c(1-h) c(1-h) ch ch 
к. = I[BOH][HA] _ ch.ch _ ft 
ur - - 
[B'] [A] c(1-h) c(1-h) (1-) а. (xviii) 


Here, the relationship between ‘K; and ‘h? does not involve ‘c’. Thus the degree of 
hydrolysis of such a salt is independent of the concentration of the solution. 


If ‘h’ is very small in comparison to 1, we can take 1-h = 1 so that equation (xviii) becomes 


K= or h = JK, o K, = [Kw 
KK anus (xix) 














(iii) pH. 
forthe weak acid HA. 
НА = Н+ А 
K = [НДА] 
[НА] 
Н] = &BAÀ ако „к п 
[А] c(1-h) 1-h 
Butfrom equation (xviii), ze - IK, so that we have 
1 ede e. ng 
KK, K, 
pH = -log[H'] = -log . AK. =-og (s) 
K, K, 


di pH=—1 [logK, +logK, —logK, ] = рК, pK,- pK] 


The degree of hydrolysis and pH of salts made up of weak acid and weak base is 
independent of concentration of salt. The above equation is applicable even when 'h' 
is large as no approximation of 'h' comparison with unity has been taken in the 
derivation. 


223 


UDOON 


EQU | LI BR | U M A program to give wings to girl students 


Q.4 


Ans. 
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Note : 


° Degree of hydrolysis always increases with increase in temperature as because at 
elevated temperature the increase in K, is greater as compared to K, & K,. 


e . Weakeristhe acid or base, greater is the hydrolysis constant. 
° Degree of hydrolysis increases when 'c' decreases i.e. with dilution. 
° For any acid and its conjugate base or vice-versa pK, + pk, = рк. 
At 25°C, 5 mL of 0.4 M weak mono acidic base is titrated with 0.2 M HCI solution. What is the 
concentration of H’ ions at equivalence point. Given К,= 1.0x 10 ^, K, 2 1x 10". 
Volume of acid required to reach the equivalence point. 
meq of Base = meq of Нс! 
= 5х(0.4х1)=(0.2х1)\/ 


Vas 5х04 = 10mL 


=> The net volume of solution at equivalence point is 5 ті + 10 ті = 15 mL 





Concentration of salt = ane = 0.13M 


The salt so formed is a combination of weak base and strong acid 
Cation will undergo hydrolysis 
B'« H0 == BOH«H' 
c-ch ch ch 


y - [BOH] [H] _ с 
i [B] c(1-h) 





+12 
Also K, = : = 10° = Lay 
h 


[HT - 10 7c -10? [H] 
or [H]«10?[H] -10°c=0 


[ur] 102+ 10* e 4x043x 10* 
2 











=3.64x10°M 
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Q.5 Equal volume of two solution having pH = 2 and pH = 10 are mixed together at 90°C. What is the 
pH of the resulting solution (K, = 107°) at 90°C. 


Ans. Given 
K, - 10 ^ at 90°C 
K,=[H*] [OH] 2 10* 
= [НҤ]=[0Н]=10° 
pH -2— [H'] - 10°М 
pH2102 p[0H] » 12-10 -2 
or [OH]=10°M 


Addition of equal volumes of acid and base results in the formation of neutral solution. The pH of 
this neutral solution is 6 at 90°C. 
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PRACTICE QUESTIONS 
1.  Thedissociation constant of CH,COOH is 1.8 x 10°. The hydrolysis constant for 0.1 M sodium 
acetate is 
a. 5.56 x 10° b. 5.56x 10^" 
C. 1.8x10° d. 1.8x10° 


2. | pHof2M NaCl willbe 
a. 3 b. 6.5 
C. 7 d. 10 


3. Dissociation constant of NH,OH is 1.8 x 10°. The hydrolysis constant of NH,CI would be 
a. 1.80x10? b. 5.55х10" 
б. 5.55х10° d. 1.80х10° 


4.  |fpK,forfluoride ion at 25°C is 10.83, the ionization constant of HF in water at this temperature is 
a. 1.74x10° b. 3.52x10* 
C. 6.75x10* d. 5.38x107 


5.  Anaqueous solution of carbonic acid (Н,СО,) contains 
a. H,CO, only b. H,CO,, Н“, HCO, 
б. H.CO, H*, HCO;, СО,” d. H,CO,, CO, H*, НСО 60, 


6.  ThepHof0.1 M solution of the following salts increases in the order 


a. NaCl < NH,CI < NaCN < HCI 
b. HCI < NH,CI < NaCl < NaCN 
C. NaCN < NH,CI < NaCl < HCI 
d. HCI < NaCl < NaCN < NH,CI 


7. Which ofthe following salt solutions (0.1 M each) will have the lowest pH values? 
a. CaCO, b. CaCl, 
p. Ca (OH), d. CH,COONa 
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8.  Aweakacid HX has pK, = 5. The percent degree of hydrolysis of 0.1 M solution of salt NaX is 
a. 0.001% b. 0.01% 
б. 0.1% d. 0.15% 
9. 2.5 mL of (2/5) M weak monoacidic base (K, = 1 x 10 ^ at 25°C) is titrated with (2/15) M HCI in 
water at 25°C. The concentration of H* at equivalence pointis (K, = 1 x 10 ^ at 25°C) 
a. 3.7х10° М р. 3.2х10°М 
б. 3.2x10°M d. 2.7X10°M 
10. What is the percentage hydrolysis of NaCN in N/80 solution when the dissociation constant for 
HCN is 1.3x 10^ and K, = 1.0x 10". 
a. 2.48 b. 5.26 
C. 8.2 d. 9.6 


11. ThepHofa1M CH,COONa solution in water will be nearly 
a. 24 b. 5.4 
С. 74 d. 9.4 
12. Ammonium cyanide is a salt of NH,OH (К,  1.8x 10?) and HCN (K, - 4.0x 10°"). The hydrolysis 
constant of 0.1 M NH,CN at 25°C is 
a. 14 b. 7.2x10" 
б. £2*10' d. 1.4х10° 
13. Itis found that 0.1 M solution of three salts Мах, NaY апа NaZ have pH values 7.0, 9.0 and 11.0 
respectively. Which ofthe following order regarding acid strength is correct? 
a. HX > HY > HZ b. HX > HZ» HY 
C. HY > HX > HZ d. HZ» HY >HX 


14. The degree of hydrolysis of ammonium acetate is related to its hydrolysis constant by the 








expression 
a. a -É b gya К C. a 2 IK d 2K 
14K, 1+? 14K, 1-JK, 
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15. The hydrolysis constant of anilinium acetate at 25°C is (K,(CH,COOH) = 1.8 x 10°M and К, 
(aniline) = 4.6 x 10 ^M) 


a. 1.0 b. 1.21 
С: 1.35 d. 2.6x107 
16. The expression to compute pH of a solution containing a salt formed from a weak acid and a 
weak base is 
a. pH= T (PK, EP - pK) 
b. — pH- 0k. pK, pK) 
C pH- -T (00-00) + log ([salt]/c) 
d. pH- (рК, pK) log ([salt]/c) 


17. ThepHof0.1 M solution of NaHCO, is (Given : pK,(H,CO,) = 6.38 and pK,, (HCO, ) = 10.32) 


a. 8.35 b. 6.5 
б. 4.3 d. 3.94 

ANSWERS 
1 b 2 C 3. b 
4 C 5 d 6 b 
7 b 8 b 9 d 
10 а 11 d 12. а 
13 а 14. C 15 
16 b 17 à 
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BUFFER SOULTIONS 


A solution whose pH is not altered to any great extent by the addition of small quantities, of either an 
acid (H' ions) ora base (OH ions) is called a buffer solution. 
General Characteristics of a Buffer Solution 

(i)  Ithas a definite pH, i.e. ithas reserve acidity or alkalinity. 

(ii) Its pH does not change on standing for long. 

(iii) Its pH does not change on dilution. 


Buffer solutions can be obtained : 

(i) by mixing a weak acid with its salt with a strong base, e.g., 
(a) CH,COOH+CH,COONa 
(b) Boric acid + Borax 
(c) Phthalic acid + Potassium phthalate 

(ii) | by mixing a weak base with its salt with strong acid, e.g., 
(a) NH,OH+NH,CI 
(b) Glycine + Glycine hydrochloride 


(iii) by a solution of ampholyte. The ampholytes or amphoteric electrolytes are the substances 
which show properties of both an acid and a base. Proteins and amino acids are the 
examples of such electrolytes. 


(iv) byamixture of an acid salt and a normal salt of a polybasic acid, e.g., Na,HPO, + Na,PO,, or 

a salt of a weak acid and a weak base, such as CH.COONH,. 
Types of Buffers 

(i) Acidic buffer: A weak acid with its conjugate base : 
e NaHCO, + H,CO, (H,CO, : is weak acid and HCO, is its conjugate base; 
e — CH,COOH + CH,COONa; 
e  Boricacid + Borax; 
e — CH,COOH + CH,COONH,; 
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e. Phthalic acid + Potassium phthalate; 
• NaH,PO, + Н,РО, and a mixture of an acid salt and normal salt of a polybasic acid, 
e.g., Na,HPO, + NaPO,. 
Explanation of Buffer Action 


Acidic buffer : Consider the case of the solution of acetic acid containing sodium acetate. 
Acetic acid is feebly ionised while sodium acetate is almost completely ionised. The 
mixture thus contains CH,COOH molecules, CH,COO ions, Na' ions, H' ions and OH ions. 
Thus we have the following equilibria in solution : 


CH,COOH —H' +CH,COO (Feebly ionised) 
CH,COONa— Na*+ CH,COO (Completely ionised) 


When a drop of strong acid, say HCl, is added, the H' ions furnished by HCI combine with 
CH,COO ions to form feebly ionised CH,COOH whose ionisation is further suppressed 
due to common ion effect. Thus, there will be a very slight effect in the overall Н“ ion 
concentration or pH value. 


When a drop of NaOH is added, it will react with free acid to form undissociated water 
molecules. 


CH,C00H + OH. —CH,C00 +H,0 
Thus, OH ions furnished by a base are removed and pH of the solution is practically 
unaltered. 
pH of a Buffer mixture solution (Henderson equation) 
Consider a buffer mixture say an acidic buffer e.g. НА + NaA 
НА == Н+ А” 
NaA = Na' + А” 
Applying law of equilibrium to dissociation of HA. 


к= ІНША) or go KIHAI 
[HA] [A] 








log [H'] = log K, + log [HA] 
[A] 
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(ii) 


-log [H'] - -logK, +100 [A] 
[HA] 


pH --pK, +100 IA]. 
[HA] 


0 [Salt] 
[Acid] 
Where, [A] = [Salt] or [conjugate base of HA] = Initial concentration of the salt which is 


100% ionised. All the [A] come from salt since dissociation of HA in presence of NaA is 
appreciably suppressed. 


pH - pK, +10 


[HA] = [Acid] = Intial concentration of acid since itis almost unionised in presence of NaA. 


Basic buffer: 

A weak base with its conjugate acid : 

° NH,OH + NH,CI; (NH,OH is weak base and NH, is its conjugate acid). 

° Glycine + Glycine hydrochloride. 

• Blood buffer contain НСО, + H,CO, solution to control the pH of blood to 7.4. 


Explanation of Buffer Action 


Basic buffer : Consider the case of the solution containing NH,OH and its salt NH,CI. The 
solution will have NH,OH molecule, NH," ions, CI ions, OH ions and H+ ions. 

NH, OH «— NH, + OH (Feebly ionised) 

NH,CI =NH; + Cl (Completely ionised) 
When a drop of NaOH is added, the added OH ions combine with NH,’ ions to form feebly 
ionised NH,OH whose ionisation is further suppressed due to common ion effect. Thus, 
pH is not disturbed considerably. 

NH, + ОН < NH,OH 

(From strong base) 

When a drop of HCI is added, the added H' ions combine with NH,OH to form 
undissociated water molecules : 


NH,OH + Н = NH, + H,0 
(from 
strong acid) 
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Thus, pH ofthe buffer is practically unaffected. 


pH of a Buffer-Mixture solution (Henderson Equation) 


It consists of a mixture of weak base and its salt (strong electrolyte). The ionisation of 
weak base BOH can be shown by the equation. 


BOH = B'« OH 
Applying law of equilibrium to dissociation of BOH. 


K, = [BIOH] ог ону = KIBOH] 
[ВОН] [В`] 


[ВОН] 


" 





log [ОН] =log K, + log 


[P] 


-log [OH ] 2 -log K, +10 
g [OH ] =-log K, + log [ВОН] 





= [B] 
pOH = (+pK,) + log [ВОН] 





рон - pK, +100 [а] 
[Base] 


рн = 14-рк, 109 18810 
[Base] 





Where, [B'] = [Salt] or [conjugate acid of ВОН] = Initial concentration of the salt which is 
100% ionised. All the [B*] come from salt. 


[BOH] = [Base] = Intial concentration of base. 
Utility of Buffer solutions in analytical chemistry : 
Buffers are used : 
(i) | To determine the pH with the help of indicators. 


(ii) | For the removal of phosphate ion in the qualitative inorganic analysis after second group 
using CH,COOH + CH,COONa buffer. 


(iii) For the precipitation of lead chromate quantitatively in gravimetric analysis, the buffer, 
CH,COOH + CH,COONa is used. 
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(iv) For precipitation of hydroxides of third group of qualitative analysis, a buffer, NH,CI + 
NH,OH, is used. 


(v) Abuffersolution of NH,CI, NH,OH and (NH,), CO, is used for precipitation of carbonates of 
fifth group in qualitative inorganic analysis. 

Buffers are used in industrial processes such as manufacture of paper, dyes, inks. paints, drugs, 

etc. Buffers are also employed in agriculture, dairy products and preservation of various types of 

foods and fruits. 


Buffer capacity and Condition for maximum buffer capacity : 


Buffer capacity : The property of a buffer solution to resist alteration in its pH value is known as buffer 
capacity. Buffer capacity is defined quantitatively as the number of moles of strong acid or base added 
in one litre of solution to change the pH by unity, i.e., 


Number of moles of acid or base added to 1 litre 


Buffer capacity (Ø) = Changeling 





Thus greater the buffer capacity, the greater is the capacity of the buffer to resist change in pH value. 
Buffer capacity is greatest when the concentration of salt and weak acid/base are equal, or when pH = 
pK, or pOH = pK,. 


Q.7 How many grams of sodium acetate are required to prepare buffer solution of pH = 4 using 1 L of 
N/10 acetic acid. How will the pH be affected when 1.5 L H,O is added to this buffer solution 
(Given K, 2 2.0 x 10). 


Ans. Amixture of acetic acid and sodium acetate is an acidic buffer 
Using Henderson equation 


pH = pK, +100 [salt] 
[acid] 


= -JogK,« log [salt] 
[acid] 


log [salt] = pH + log К, + log [acid] 
=4 +100 (2.0x 10°) + log (0.1) 
24—540.3010- 1 

2—2 «0.3010 
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[Salt] =2x10°M 


=0.02 


It is difficult to take anti log of negative number, rather than above equation we may use the same 
relation in the form. 


[H']=K [acid] 








[salt] 
or [salt] =K [acid] | 2x10°x0.1 
[Н] 10 


=0.02 moles of CH,COONA per litre 
mass of salt = 0.02 x82 = 1.640 
The addition of water (1.5 L) decreases the concentration of both acid and salt, the ratio 
100 [salt] / [acid] remains constant, Hence, the pH is unaltered. 
Q.8 0.2 M each of HCI and CH,COOH are mixed in equal volumes. 20 mL of this solution is titrated 


against 0.1 M NaOH. What is the change in pH when HCl is almost completely neutralised. (given 
K,(CH,COOH) 22.0x 107). 


Ans. Since the two solution are mixed in equal volumes therefore, the concentration of HCI and 
CH,COOH inthe resulting solution is 0.1 M each. 


The presence of strong acid in a mixture suppresses the ionization of weak acid therefore, before 
the start of the titration, pH of the solution depends only on the H' ions furnished by НСІ. 


pH=1 
After neutralization of H* ions furnished by HCI with NaOH, volume of the solution doubles. 
Concentration of acetic acid is calculated as 
M;V, = MV, 
(before neutralization) ^ (after neutralization) 


№, = 21%20 _ 0.05M 
40 
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1. 


Fora weak acid 
[H] = /KC 
= /2x10*x0.05 
=10° 
pH=3 
Change inpH=3-1=2 
The pH of the solution changes by 2 units. 


PRACTICE QUESTIONS 
One litre of a buffer solution containing 0.01 M NH,Cl and 0.1 M NH,OH having pK, of 5 has pH of 
a. 9 b. 10 
б. 4 d. 6 


The approximate pH of a solution formed by mixing equal volumes of solutions of 0.1 M sodium 
propanoate and 0.1 M propanoic acid (the dissociation constant of propanoic acid is 1.3 x 10° 
mol dm”) will be 


a. 1.52 b. 3.62 

b 4.89 d. 5.52 

A certain buffer solution contains equal concentration of X and HX. The K, for HX is 10°. The pH 
ofthe buffer is 

a. 3 b. 8 

B. 11 d. 14 

The pK, of HCN is 9.30. The pH of a solution prepared by mixing 2.5 moles of KCN and 2.5 moles 
of HCN in water and making up the total volume of 500 mL is 

a. 9.30 b. 7.30 

E 10.30 d. 8.30 


235 


UDOON 


EQU | LI BR | U M A program to give wings to girl students 


10. 
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A certain buffer solution contains equal concentrations of X and HX. K, for X is 10°. The pH of 
the buffer solution is 


a. 4 b. 10 

б: 7 d. 14 

In a mixture of a weak acid and its salt, the ratio of the concentration of acid to salt is increased 
tenfold. The pH of the solution 

a. decreases by one b. decreases by one tenth 

б. increases by one d. increases ten-fold 

How much sodium acetate should be added to 0.1 M solution of CH,COOH to give a solution of 
pH 5.5 (pK, of CH,COOH = 4.5) 

a. 0.1M b. 0.2M 

C. 1.0M d. 10.0M 

For preparing a buffer solution of pH = 6 by mixing sodium acetate and acetic acid, the 
concentration of salt and acid should be (K, = 107) 

a. 1:10 b. 10:1 

C. 100:1 d. 1:100 

A buffer solution is prepared by mixing 10 mL of 1.0 M acetic and 20 mL of 0.5 M sodium acetate 


and then diluted to 100 ml with distilled water. If the pK, of CH,COOH is 4.76, what is the pH of the 
buffor solution prepared? 


a. 5.21 b. 4.76 
C. 4.34 d. 5.21 


What is [H'] of a solution that is 0.1 M HCN and 0.2 M NaCN? 
(K,for HCN 2 6.2 x 10?) 

a. 3.1x10" b. 6.2x10* 
C. 6.2х10" d. 3.1x10” 
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11. The pH of a buffer containing equal molar concentrations of a weak base and its chloride (K, for 
weak base = 2 x 10”, log 2 = 0.3) is 
a. 9 b. 9 
C. 4.7 d. 9.3 
12. Solution of 0.1 N NH,OH and 0.1 N NH,CI has pH 9.25. Then pK, of NH,OH is 
a. 9.25 b. 4.75 
B. 3.75 d. 8.25 
13. The mostimportant buffer in the blood consists of : 
a. HCland СГ b. H,CO, and HCO, 
С. H,C0, and сг d. HCl and HCO, 
14. The pHof blood is maintained by the balance between H,CO, and NaHCO,. If the amount of CO, іп 
the blood is increased, how will it effect the pH of blood 
а. pH will increase b. pH will decrease 
С. pH will be 7 d. pH will remain same 
ANSWERS 
1. b 2. C 
3 b 4. a 
5. a 6. а 
T. C 8. b 
9. b 10 d 
11. d 12 b 
13. b 14. b 
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SOLUBILITY PRODUCT 


Solution which remains in equilibrium with undissolved solute (salt) is said to be saturated. At 
saturation stage, the quantity of the salt dissolved is always constant, for the given amount of a 
particular solvent at a definite temperature. This is referred to as the solubility of the given salt at the 
given temperature. 


In asaturated solution ofa salt the following equilibrium exists : 
AB(s => A«B 
Applying the law of equilibrium to the ionic equilibrium, 
[A][B] _ x 
[AB] 
Since, the concentration of the solid salt is constant ata particular temperature, i.e., [AB] = constant. 
Hence, [A'] [B ] = K,, (constant) 


K,, is termed as the solubility product, It is defined as the product of the concentration of ions in a 
saturated solution of an electrolyte at a given temperature. 





Relationship between Solubility and Solubility Product 
The equilibrium for a saturated solution of any sparingly soluble salt may be expressed as : 
AB,(s) => xA" « yB* 
Thus, solubility product, K, = [A"]  [B"]" 
Let ‘s’ mol per litre be the solubility of the salt; then 
AB,(s) => xA" « yB* 
XS ys 
So, K= [xs] [ys] 
=X. y" sr 
(i) 1:1 (AB) typesalts : 
Examples : AgCI, Agl, BaSO,, PbSO,, etc. 
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(ii) 


(iii) 


Binary electrolyte: AB(s) == AX + В 
S S 

Let solubility of AB be ‘s’ mol L”. 

So, K,-[A']B]- sxs- s 

or s= JK, 


sp 
1:2 (AB,) or 2:1 (A,B) type salts : 
Examples : Ag,CO,, Ag,CrO,, PbCL, CaF,, etc. 


Ternary electrolyte: AB,(s) = А+ 2B 
S 25 


Let solubility of AB, ре ‘s’ mol L” 
So, K,-[A"][BT 2 sx (2s) - 4s 
Or Ss 3 JKJ 

А,В (5) == 2A'«B* 

25 S 

Let's' be the solubility of A,B. 

К„= [ААВ] 

= (2s) (s) = 45° 
or s= KJA 
1:3 (АВ.) type salts : 
Examples : All,, Fe(OH),, Cr(OH),, AI(OH),, etc. 


Quaternary electrolyte: AB,(s) «= А” + 3B 
s 3s 


Let ‘s’ mol litre” be the solubility of Ab,. 
К, = [A“] [B]’= sx(3s)'- 27s'ors = 4/K,,/27 


The presence of a common ion affects the solubility of a salt. Let AB be a sparingly soluble 
salt in solution and A’B be added to it. Let s and s’ be the solubilities of the salt AB before 
and after addition of the electrolyte A’B. Let c be the concentration of A’B. 
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Before addition of A'B, K =$ ^ ... (i) 
After addition of АВ, the concentration of А” and В ions becomes’ and (s’ + c), 
respectively. 
So, KES (S +e) a (ii) 


Equating Eqns. (i) and (ii) 


S^ - s' (s'« C) 


S «S 


Thus, the solubility ofthe salt decreases due to common ion effect 


Important Cases of Calculating Solubility of a Salt 


(i) | Solubility of a salt of strong acid and strong base (AgCI) in pure water 


(a) 


in the absence of common ion 

AgCl(s) => Ад“ (aq) + CI (aq) 

KsssorseAK, 

Inthe presence of common ion say [Ag'] = а’ moles/L 
К. = (5 +a) (s") 


s’ will beless than s. 


(ii) Solubility of a salt of weak acid and strong base (CH,COOAg). 


(a) 
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In pure water 

CH,COOAg == СН,С00 (aq) + Ag’ (aq) 

since it is a salt of weak acid and strong base, it will undergo anionic hydrolysis 
CH,COOAg(s) => CH,COO (aq) + Ag (aq) 

CH,COO (aq) + H,O — CH,COOH + OH (aq) 


Since the concentration of CH,COO ion decreases due to hydrolysis, the solubility 
equilibrium would shift in the forward direction and the solubility of the salt 
CH,COOAg would increase. 
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(b) Inthe presence ofan acid 
The following equilibrium is also quickly established 
CH,C00 (aq) + H'(aq) == CH,COOH(aq) + Н,О(ад) 


Since CH,COO ions combine with H* ions of the acid, its concentration decreases. 
According to the Le Chatelier’s principle, the solubility equilibrium of CH,COOAg 
would shift in the forward direction there by increasing its solubility. 


(c) inthe presence of basic buffer 
Here, hydrolysis of CH,COO is inthe presence of basic medium is suppressed 
Thus, solubility of such salts is maximum in acidic solution, then in pure water and 
then in basic solution. 
(iii) Solubility of a salt of strong acid and weak base (C;H;NH,'CT) 
Such salts have maximum solubility in a basic solution then in pure water and then in an 
acidic solution. 
(iv) Solubility of a salt of weak acid and weak base (CH,COONH,) 
in pure water 
CH,COONH,(s) => CH,COO (aq) + NH, (aq) 


on hydrolysis 
NH, (aq) + CH,COO (aq) + Н,0 = NH,OH(aq) + CH,COOH 
Solubility of such salts would increase in presence of both, an acid or a base. 
Criteria of precipitation of an electrolyte : A very useful conclusion is derived from the solubility 
product concept. No precipitation of the electrolyte occurs if the ionic product (К,) refers to Q, 


(reaction quotient) of a sparingly soluble salt at any specified concentration at a given temperature is 
less than the solubility product, i.e., the solution has not reached the saturation stage. 


Case l: When K, < Kp, 
Case Il: When K,,=K,,, 
Case Ill: When K, > К 


When the ionic product exceeds the solubility product, the equilibrium shifts towards left hand side 
resulting in precipitation of the salt. 


then solution is unsaturated in which more solute can be dissolved. 
then solution is saturated in which no more solute can be dissolved. 


then solution is super-saturated and precipitation takes place. 


5р? 
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Thus, for the precipitation of an electrolyte, it is necessary that the ionic product must exceed its 
solubility product. For example, if equal volumes of 0.02 M AgNO, solution and 0.02 M K,CrO, solution 
are mixed, the precipitation of Ag,CrO, occurs as the ionic product exceeds the solubility product of 
Ag,CrO, whichis 2x10” 


Inthe resulting solution, 


[А07] - 22. 0.01 = 1x10°M 


and [CrOZ] s 0.01 = 1x10*M 


lonic product of Ag,CrO, = [Ag] [CrO,” 


= (1x10, (1x10?) 
21x10? 


1x10" is higherthan2 x10 "and thus precipitation of Ag,CrO, occurs. 


Applications of solubility product 


(i) 


(ii) 
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Salting out of soap: 


Soap is a sodium salt of higher fatty acids. From the solution, soap is precipitated by the 
addition of concentrated solution of sodium chloride. Soap and sodium chloride are 
present in the form of ions. 


C,H,,, COONa = C,H,,,,COO + №“ 
Soap 


NaCl = Na'« СГ 
Thus, the concentration of №“ ions increases considerably on addition of NaCl solution. 
Hence, the ionic product [C,H,,,,COO ] [Na'] exceeds the solubility product of soap and 
therefore, soap precipitates outfrom the solution. 
Precipitation of the sulphides of group Il and IV : 
Hydrogen sulphide is a weak electrolyte and is used for the precipitation of various 
sulphides of group Папа IV in qualitative analysis. 
Passing H,S(g) in an aqueous solution: 


Н,5 іѕ a dibasic acid. We have to visualize two stage ionisation for it as follows : 
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H,S(aq) == H’(aq)+HS (а); К,  ... (i) 
HS (aq) == H*(aq) +S” (aq) ; K uu (ii) 


К, and К, are two ionisation constants respectively for Н,5 (aq). Since K, ««K, (due to 
common ion effect), we usually neglect the concentration of Н“ ions from second 
equilibrium. 
[H'];, Solution = [EV Tras HoS + [FE Tuas Hs = [FH Tos H3S 

4 - + 2- 
Nowk, IPIS] ang к = 19187] 

[H,S] [HS ] 
From (i), [H'] = [HS] and neglecting [H'] from (ii) we have from second ionisation 
constant: 





= 2- 
kc HS Tu pia qe 
[HS] 
So if we pass H,S in an aqueous solution, sulphide ion concentration is simply equal to the 
value of second ionisation constant. We can determine whether precipitation of metal 
sulphide will occur or not by comparing ionic product (I.P.) with solubility constant (K,,). 
Passing H,O(g) in an acidic or a basic solution: 


Now if we pass Н,5 in an acidic solution of a metal ion till saturation, we simply neglect the 
concentration of Н“ ion from H,S (both from first and second ionisations) totally as the 
concentration of Н" from acid (Strong acid added externally) is very high. In that case we 
can simply add two equilibriums (i) and (ii) to get: 


H,S(aq) «= 2H'(aq) + S, (aq) ; Кана 
_ [HFIS] 
[H,S] 
Note that in a saturated solution of H,S at 25°C, [H,S] is constant at 0.1 M. 
K,x (0.1 M) = [Н] 
[H'T[S"] =K, (of H,S) 
K,x (0.1M) K, x K, x (0.1M) 


[5] Е 2 = 2 
[97] [97] 


= Kx K, 
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(iii) 


(v) 
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In this way, we now know the concentration of sulphide ions in an acidic solution, so 
accordingly we can plan precipitation of metal ions. The important aspect of this method 
is that we can always increase or decrease the concentration of sulphide ion by controlling 
the amount of acid. In acidic medium (11 group), [H+] is high and [5°] is low. It is enough to 
precipitate group Il cations, where sulphides have very small solubility products. In basic 
medium (IV group), [H'] is very low and [S] is relatively high. Now it is sufficient to 
precipitate the cations of group IV as sulphides which have relatively high values of 
solubility product. 


Precipitation of hydroxides of Group III: 


Ammonium hydroxide is a precipitating agent in Group 1 of the qualitative analysis. It is a 
weak electrolyte and ionises in water as 

NH,OH == NH, + ОН 
The concentration of OH ions is so large that not only the hydroxides of group III 
[Fe(OH),, Cr(OH), and Al(OH),] but the hydroxides of higher groups also get precipitated. 
The solubility products of various hydroxides are given below : 

Fe(OH), 11x10 

Cr(OH), . 3x10? Group III, low values 

AI(OH), 8.5x10^ 

Zn(OH),  1.8x10” 

Mn(OH), 4x10" high values 

Mg(OH), 34x10" 
In order to precipitate only the hydroxides of group III, the OH ions concentration must be 
lowered. This is achieved by the use of ammonium chloride before the addition of 
ammonium hydroxide. The increased concentration of NH, ions suppresses the 
ionisation of NH,OH due to common ion effect. Under this condition, the ionic products of 
hydroxides of group Ш alone exceed their solubility products and therefore, get 
precipitated. 


Using excess of precipitating agent in gravimetric analysis : 


So as to ensure complete precipitation in gravimetric analysis, an excess of precipitating 
agent is always used. In gravimetric analysis, barium is precipitated as barium sulphate. 
No doubt, BaSO, is a sparingly soluble substance but it possesses a measurable solubility. 
To decrease its solubility, the concentration of SO,” ions is increased by use of little 
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Q.9 


Ans. 


excess of H,SO,. The ionic product [Ва] [SO,’] exceeds the solubility product of BaSO, 
and it is precipitated more completely. 


The solubility of BaSO, in water is 2.33 x 10'* g/100 mL. Calculate the percentage loss in weight 
when 0.3 g of BaSO, is washed with 1.5 L of 0.01 N H,SO,. (Molar mass (BaSO,) = 233 g/mole). 


Loss in weight of BaSO, = amount of BaSO, soluble 
0.01 NNH,SO, 2 0.01 N S0,” ions 
- 0.005 M SO,’ ions 


The presence of SO,” ions in the solution will suppress the solubility of BaSO, (due to common 
ion effect). The extent of suppression is governed by solubility product of salt. 


K, = [Ba"] [S07] 
Given solubility = 2.33 x 10“ g/100mL 
= 2.33 х 10° g/L 


= 2-38 x 49* = 10°M 
233 


K, = [Ba] [S0,"] 
-(107y 210" 
Let ‘x’ be the solubility in mol/L in H,SO, 
[Ba”] in solution =x 
[SO,’] in solution = (x 0.005) 
lonic product = [Ba™][SO," ] 
= (x) (х+0.005) 
At equilibrium 
lonic product =K,, 
= 1.0x10=(x) (x+ 0.005) «0.005 x 
as. ga X 10” -2 x 10*M 
0.005 
=> х= 2х 10° х 233 = 466 x 10?g/L 
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4.66 x 10? g of BaSO, is washed away with 1L of given solution 
=  6.99x10°gBaSO, is washed away with 1.5 L of given solution 





-6 

=  percentageloss = 6.99x10°x 100 
0.3 
=2.33x10°% 


Q.10 The solubility product K,, of Ca(OH), at 25°C is 4.0 x 10°. A 200 mL of saturated solution of 
Ca(OH), is mixed with equal volume of 0.5 M NaOH. How many moles of Ca(OH), are 
precipitated? 


Ans. Thefirst step is to determine the concentration of Ca" at saturation using К,, 
Ca(OH), — Ca” + 20H” 
K, = (x) (2х) 
K,,=4Xx° 


6 
э xsc[K& = 3/410" _ оом 
1 4 


=  [Ca^]-0.01M;[0H]- 0.02 M 


As equal volume of NaOH is added, Now 





[Ca^] = ER = 0.005M 


[DH] = P + LN (due to common ion) 


=0.26M 
lonic product of salt in the solution 
= (0.005) (0.26)’ 
=3.38x10">K,, (4.0x 10°) 
Ca” will be precipitated till a new saturation stage is reached where 
[OH] = 0.26 M (as present in excess, its concentration remains unchanged) 
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Atthis stage 





[Ca^] = Ke 24x10 
[OH] (026) 
25.917 x10? M 
=  [Ca"]precipitated -5x10?—5.917 x10? 
=4.94x10°M 
i.e. 4.94 x 10° mole of Ca” is precipitated. 


0.11 Whatis the solubility of AgCN ina buffer solution of pH = 2. 
Given K, (AgCN) =2 x 10°; K(HCN) =6.0x 10" 

Ans. AgCN(s) — Ag (aq) + CN (aq) 
Letthe solubility of the salt be x M. 


The CN ions will undergo hydrolysis to form weak undissociated acid HCN. The system involves 
simultaneous equilibria. 


AgCN = Ag'« СМ 


X x 
Н + CN — HCN 
10* X - 
102-х  - X 
HON © H + CN 
X 10* 
x-y 10°+y y 
Here, 
K, (AgCN) = [Ag] [CN] 
or 20xlü"zxy .— | .. (i) 
Also, 


K(HcN) = [H IICN] 
[HCN] 


_ (10% «yy 


х-у 
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Assuming 107 4 y 2 10* 
6.0 x10” = 105 — (ii 
X-y 
On solving (i) and (ii) we get 
x25.78x10^M 


PRACTICE QUESTIONS 


1. 


If equal volumes of BaCl, and NaF solutions are mixed, which of these combination will not give a 
precipitate? 


K, of BaF, = 1.7 x10" 

a 0.0010 M Васі, and 0.020 M NaF 
b. 0.0010 M BaCl, and 0.015 M NaF 
С. 0.0015 M BaCl, and 0.010 M NaF 
d. 0.0020 M BaCl, and 0.020 M NaF 


The solubility of solid silver chromate, Ag,CrO, is determined in three solvents. 
K, of Ag,Cr0,=9x 10 


l. pure water Il. 0.1 MAgNO, Ш. 0.1 M Na,CrO, 
Predict the relative solubility of Ag,CrO, in the three solvents : 
a. | = = |I b. [<< 
С. [= «I d. Il «Il «I 


The solubility products of Al(OH), and Zn(OH), are 8.5 x 10? and 1.8 x 10, respectively. If 
NH,OH is added to a solution containing AI? and Zn" ions, then substance precipitated first is : 


a. Al(OH), b. Zn(OH), 
С. Both together d. None of these 


If K,,(PbSO,) 2 1.8x 1 0^ andK, (HS0,) = 1.0x 10° the equilibrium constant for the reaction : 
PbSO,(s) + H*(aq) == HSO, (aq) + Pb^(aq) is : 

a. 1.8x 10^ b. 1.8x10" 

б. 2.8х10" d. 1.8x10* 
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5. Са,(РО,), is insoluble in water. On adding a few drops of HCI to solid Ca,(PO,), in contact with 
water, the solid dissolves. Whatis the reason? 


a 
р. 
с. 
d. 


The solvent becomes more polar on adding HCI 

Ca^ ions combine with CI ions 

Ca(H,PO,), is formed, which dissolves 

H,PO, a weak acid is formed and the ionic product of calcium phosphate drops 


6. Why does only As" get precipitated as As,S, and not Zn" as ZnS when H,S is passed through an 
acidic solution containing As? and Zn”? 


а. 
b. 


d. 


The solubility product of As,S, less than that of ZnS 
Enough As” ions are present in an acidic medium 
Azinc salt does not ionize in an acidic medium 


The solubility product changes 


7. | When HCI (s) is passed through a saturated solution of common salt, pure NaCl is precipitated 
because: 


а. 
b. 
C. 
d. 


HClis highly soluble in water 

The ionic product [Na'] [CI] exceeds its solubility product (K,,) 

The K,, of NaCl is lowered by the presence of CI ions 

The ionic product (K,) [Ма [С] is less than its solubility product (K,,) 


8. Excess Ag,SO,(s). BaSO,(s) and Ba,(PO,),(s) are simultaneously in equilibrium with distilled 
water. Which ofthe following is (are) true? Assume no hydrolysis of dissolved ions. 


a. 
b. 
C. 


[А0]  2[Ba^] -2[807] + 3[P0,"] 
2[Ag] + 4[Ba^] = 2[S07] + 2[P0] 
2[Ag] + 3[Ba^] = 2[S0,] + 2[P0] 
[Ag] + [Ba"] = [SO] + [PO] 


9.  Asolution is found to contain [CI] = 1.5x 10' M; [Br] 2 5.0x 10° M ; [Cr0,7] = 1.9x 10^ M. A 
solution of AgNO, (10096 dissociated) is added to the above solution drop by drop. Which silver 
salt will precipitate first? 
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10. 


17; 


12. 


13. 


14. 
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Given: K,,(AgCl) = 1.5 10, К, (AgBr) =5.0x 105, K,,(Ag,CrO,) = 1.9x 10°” 
a. AgCI b. AgBr 
С. Ag,CrO, d. AgCl and AgBr together 


A saturated solution of Ag,SO, has solubility 2.5 x 10° M. The value of its solubility productis 
a. 62.5x10° b. 6.25x10* 
б: 15.625 x10" d. 3.125x10^ 


The solubility of CaF, is 2x 10^ mol/litre. Its solubility product is 
а. 2.0x10* b. 4.0x10° 
С. 4x8.0x10* d. 3.2x10" 
Read the passage and answerthe questions given below : 


In qualitative analysis, cations of group Il as well as group IV both are precipitated in the form of 
sulphides. Due to low value of K, of group II sulphides, group reagent is HS in the presence of 
dil. HCl and due to high value of K,, of group IV sulphides, group reagent is H,S in the presence of 
NH,OH and NH,Cl. 


In the solution containing 0.1 M each of Sn*', Cd” and Ni” ions, H,S gas is passed..... 
K, of SnS =8 x 1 0? K, of CdS 21x1 07: K of NiS = 3х1 p^ 
K, of HS =1x107, K, of HS 2 1x10" 


If H,S is passed into the above mixture in the presence of HCI, which ion will be precipitated first? 
a. ens b. CdS 
С. NiS d. SnS & CdS (both together) 


At what value of pH, NiS will startto precipitate? 
a. 12.76 b. 7 
б. 1.24 d. 4 


Which ofthe following sulphide is more soluble in pure water? 
a. CdS b. NIS 
б. SnS d. Equal solubility for all 
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15. If0.1 MHClis mixed in the solution containing only 0.1 M Cd” ios and saturated with H,S. Then 
[Cd"] remaining in the solution after CdS stops to precipitate is : 


a. 8.2х10° р. 82x10^ 
©. 56x10" d. 58x10" 
ANSWERS 
1 а 2 d 3. а 
4 а 5 d 6 a 
7 b 8 b 9. b 
10 C 11. C 12 a 
13 C 14. 15 а 
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UNIT - 8 
REDOX REACTIONS 


Any reaction in which electrons are exchanged between atoms or ions, represents simultaneous 
process of oxidation and reduction and is called a Redox reaction. 
° Oxidation is 
(i) the gain of oxygen 


or (ii) thelossofhydrogen 


(i 
or (ii) thelossofelectrons (de-electronation) 
( 


or (iv) theincreaseinoxidation number 


° Reduction is (the reverse of oxidation) 
(i) the loss of oxygen 
or (ii) thegain of hydrogen 
or (їй) the gain of electron (electronation) 
or (ім) thedecrease in oxidation number 
Electronic concept of Oxidation and Reduction: 
eee oxidation 
3-2-1012 3 
<tererere _ reduction 
Loss of electrons is called Oxidation 
Gain of electrons is called Reduction 
° Redox Reaction : A reaction in which oxidation and reduction are carried out 
simultaneously is called redox reaction. One substance undergoes oxidation and other 
substance undergoes reduction i.e. reaction between a reducing agent and oxidising 


agentis termed as redox reaction. 


e Reducing agent апп, Oxidizing agent + Electrons 


Redox Reactions are divided into two main types: 


(i) Intermolecular redox reaction: In such a eg. NO; «HS + H'& H0 ——9 NH; + HS0; 
redox reaction, molecule of one reactant is 
oxidised whereas the molecule of other 'educed d 
reactant gets reduced. 
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(ii) 


Intramolecular redox reaction : In this case one atom of a molecule is oxidised and the 
other atom of the same molecule gets reduced. 

Reduced 
e.g. Мп,0, ———> MnO, + 0, 


bo 
Oxidized 


Oxidation Number of Elements in Covalent Compound and in Ions: 


Rules for Assigning Oxidation Number (O.N.) 


Oxidation Number of one particular element in a covalent compound or ion is determined by 


taking the Oxidation Number of other elements according to certain rules which are summarised 
below 
Group | (Alkali Elements) +1 
Group II (Alkaline Earth Elements) +2 
Group III (Boron Family) +3 
Hydrogen +1 
-1 (іп metal hydride Na'H ) 
Oxygen -2 
—1 in peroxides (BaO,) 
42in OF, 
Nitrogen —3 in NH, and іп nitrides 


varies when in combination with oxygen 


Halogens —1 indirect combination with metals; varies 


in combination with oxygen and in inter- 
halogen compounds such on ICI 


Wherever there is doubt, the more electro-negative atom takes the lower oxidation 
number. 


In neutral molecules, sum of oxidation numbers is zero. 
Inions, sum of oxidation numbers is equal to charge. 


While naming the ion or compound, it is desirable to put oxidation number per atom (i.e. 
oxidation state) in roman figures within brackets. (anion ends with ate) 
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° Oxidation number of an atom is also called its oxidation state 


If central atom is in the highest oxidation state in a compound it behaves as an oxidising agent 
(eg. H,S0,) and if it is in the lowest oxidation state the compound behaves as a reducing agent 
(eg. H,S) If itis in its intermediate oxidation state, the compound behaves as both an oxidising as 
wellas a reducing agent (eg. SO, ). 


Note : In an organic compound containing carbon, hydrogen and oxygen, the oxidation number 
of carbon can be calculated as, 


Oxidation number of carbon - BM 
i 0 0 
Where, n, = Number of oxygen atoms | | 
п„= Number of hydrogen atoms / | V / | \ 
n, = Number of carbon atoms HO о 0—0 9 OH 
Examples : 
(l. Sin H,S,0,: Here two O-atoms form peroxide linkage, i.e., 
-.2x142a46x(-2)«2x(-1) 20 H и 0 Е 
а=+6 | | 
(ii) NinNH,NO,:2xa+4x1+3x(-2)=0 zs 7: N 
H H H Ü 0 


a=+1 (wrong) 


No doubt there are two N-atoms in NH,NO,, but one N-atom has negative oxidation 
number (attached to Н) and the other has positive oxidation number (attached to 0). 
Therefore, evaluation should be done separately as 


Oxidation Number of N in NH,” and Oxidation number of Nin NO, 


а+4х (+1) =+1 а+3х (-2) =-1 

а= -3 5 a=+5 
(iii) lin KI,:1+3x(a)=0; ~. а=-1/3 

^. Klis KI +1, 


-. [has two oxidation numbers - 1 and 0. 


The above oxidation number of іп KI, is an average value, і.е. [1-1-1] 
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Average O.N. = xe) =- L 
(iv) SinNa,S,0,:2x1+2xa+3x(-2)=0 


a=+2 
This is the average oxidation number: 
The structure of Na,S,0, is 


0 


№“ | S- | №“ 
0 
The O.N. of S atom is -1 and of central S = + 5 
CrinK,Cr0,:3x1+a+8x(-1)=0 
24.0245 


[CrO,]^ exists as [Cr(0,),]^ having four peroxide bonds, i.e., tetraperoxo ion 


Exceptional cases of calculation of oxidation numbers 


The rules described earlier are usually helpful in determination of the oxidation number of a specific 
atom in simple molecules but these rules fail in following cases. In these cases, the oxidation numbers 
are evaluated using the concepts of chemical bonding involved. 


Typel.In molecules containing peroxide linkage in addition to element-oxygen bonds. For example, 


(i) 


Oxidation number of S in H,SO, 
(Permonosulphuric acid or Caro's acid) 
By usual method; Н,50, 
2x1«a«5x(-2)-20 or a=+8 


But this cannot be true as maximum oxidation number for S cannot exceed + 6, Since S 
has only 6 electrons in its valence shell. This exceptional value is due to the fact that two 
oxygen atoms in H,SO, shows peroxide linkage as shown below, 

0 Peroxide linkage 


| 
Н-0-5-0-0-Н 
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(i) 


(iii) 
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Therefore the evaluation of O.N. of sulphur here should be made as follows, 
2X (+1)+a+3xX (-2)+2x (-1) 

(for Н) (for S) (for О) (for 0-0) 

or2+a-6-2=0 or a=+6 


Oxidation number of S іп H,S,0, 
(Peroxidisulphuric acid or Marshall's acid) 
By usual method : Н,5,0, 
1х2+2а+8(-2)=0 

2a=+16-2=14 or a=+7 


Similar to Caro’s acid, Marshall’s acid also has a peroxide linkage and S shows +6 
oxidation state in it. 


Peroxide linkage 


Therefore the evaluation of oxidation state of sulphur should be made as follows, 
2x (+1) " 2 x (a) 1 6x(-2) Р 2x(-1) . 0 











(forH) (for S) (for O) (for 0-0) 
0r242a-12-2-20 or a=+6 


Oxidation number of Cr in CrO, 
(Blue perchromate) 
By usual method CrO,;a- 1020 or a=+10 


This cannot be true as maximum O.N. of Cr cannot be more than 4 6, since Cr has only five 
electrons in 3d orbitals and one electron in 4s orbital. This exceptional value is due to the 
factthat four oxygen atoms in CrO, are in peroxide linkage. 


The chemical structure of CrO, is 


0 0 
Peroxide linkage ———» | Cr | <+—— Peroxide linkage 
к | е 
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Therefore, the evaluation of O.N. of Cr should be made as follows 
а+1х(—2)+4(—1)=0 

(forCr) (forO) (forO-O) 

0ra-2-4z0 or a=+6 


Type Il. In molecules containing covalent and coordinate bonds, following rules are used for 
evaluating the oxidation numbers of atoms. 


For each covalent bond between dissimilar atoms the less electronegative element is 
assigned the oxidation number of + 1 while the atom of the more electronegative element 
is assigned the oxidation number of ^1. 


In case of a coordinate-covalent bond between similar or dissimilar atoms but the donor 
atom is less electronegative than the acceptor atom, an oxidation number of +2 is 
assigned to the donor atom and an oxidation number of —2 is assigned to the acceptor 
atom. 


Conversely, if the donor atom is more electronegative than the acceptor atom, the 
contribution ofthe coordinate bond is neglected. Examples. 


(a) Oxidation number of C in HC Z Nand HN2 C 


The evaluation of oxidation number of C cannot be made directly by usual rules 
since no standard rule exists for oxidation numbers of N and C. 


In such cases, evaluation of oxidation number should be made using indirect 
concept or by the original concepts of chemical bonding. 


(i) | Oxidation number of carbon in H-N 2C 


The contribution of coordinate bond is neglected since the bond is directed from a 
more electronegative N atom (donor) to a less electronegative carbon atom 
(acceptor). 


Therefore the oxidation number of N in H-N=C remains — 3 as it has three covalent 
bonds. 


1x (+1)+1x(-3)+a=0 
(forH) (forN) (forC) 
or 1+a-3=0 or a=+2. 
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(ii) ^ Oxidation number of carbon in HC =N 


In HC = М, N is more electronegative than carbon, each bond gives an oxidation 
number of — 1 to N. There are three covalent bonds, the oxidation number of N in 
HCsNistaken as -3. 


NowHCsN ..4+1+x-3=0 = x=4+2 


Type Ill. In a molecule containing two or more atoms of same or different elements in different 
oxidation states. 


(i) 
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Oxidation number of S in Na,S,0, 

By usual method 

2х(+1)+2ха+3(—2)=0 

or a=2 

But this is unacceptable as the two sulphur atoms in Na,S,0, cannot have the same 


oxidation number because on treatment with dil. H,SO,, one sulphur atom is precipitated 
while the other is oxidised to SO,. 


Na,S,0, 4 H,S0, — Na,S0,+ S0, 5 + H,O 
In this case, the oxidation number of sulphur is revaluated, from concepts of chemical 
bonding. The chemical structure of Na,S,0, is 


5 
Ре 
Na’ 0-5-0 


Due to the presence of a co-ordinate bond between two sulphur atoms, the acceptor 
sulphur atom has oxidation number of —2 whereas the other S atom gets oxidation number 
of +2. 


2x(4) , 3x(-2) , axi , — 1x2) 











(for Na) (for O) (forS) (for coordinated S) 
or +2-6+a-2=0 or a=+6 
Thus two sulphur atoms in Na,S,0, have oxidation numbers of —2 and +6. 
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(i) 


(iii) 


(iv) 


Oxidation number of chlorine in CaOCl, (bleaching powder) 

In bleaching powder Са(ост) (Сї), the two Cl atoms are in different oxidation states i.e., 
one atom as Cl having oxidation number of —1 and the other as OCI having oxidation 
number of +1. 

Oxidation number of N in NH,NO, 

By usual method 2a+ 4x (+1) - 3x (-1) 20 

2344-320 or 2a=+1 (wrong) 


No doubt NH,NO, has two nitrogen atoms but one N has negative oxidation number 
(attached to H) and the other has positive oxidation number (attached to O). Hence the 
evaluation should be made separately for МАН“, and МО, 


NH', a +4х(+1)=+1 or a=-3 
NO, а «3(-2)--1 or a-45 


Oxidation number of Fe in Fe,0, 


In Fe,0,, Fe atoms are in two different oxidation states. Fe,O, can be considered as an 
equimolar mixture of FeO [iron (11) oxide] and Fe;O, [iron (III) oxide]. Thus in one 
molecule of Fe,0,, two Fe atoms are in +3 oxidation state and one Fe atom is in + 2 
oxidation state. 
Oxidation number of S in sodium tetrathionate (Na,S,0,) 
Its structure can be represented as follows, 

b. 
Na' 0-$-S-S-$-O Na' 


б 


The two S-atoms which are linked to each other have oxidation number zero. The 
oxidation number of other S-atoms can be calculated as follows 


Let oxidation number of S =a. 

2a + 2x0 + 6x(-2)=-2 
(for 5) (for S-S) (for 0) 
а= +5 
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APPLICATIONS OF OXIDATION STATE 


» 


If an elementis in its highest possible oxidation state in a compound, it can act only as an 
oxidising agent, for example, KMnO,, K,Cr,0,, HNO, H,SO,, HCIO, etc. 


If element is in its lowest oxidation state in a compound, it can act only as a reducing 
agent. For example, H,S, H,C,0,, FeSO,, Na,S,0,, SO,, SnCl,, many metals etc. 


The strength of oxyacids of chlorine decrease in the order. HCIO, > HCIO, > HCIO, > HCIO 


If an element is in intermediate oxidation state in a compound, it can act both as an 
oxidising as well as a reducing agent. For example, H,O,, Н,50,, HNO,, SO, etc. 


Difference between Valency and Oxidation Number : 


Charge (real or imaginary) present 
on the atom in a compound 


Usually fixed i. Has different values 


Always a whole number iii. May be fractional also 


Never zero iv. Мау be zero also 





Types of redox reactions: 


1; 
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Combination reactions: 
0 0 42-2 

2Mg +0, —— 2MgO 

0 0 +1-1 

H, + Cl, — 2 HCI 

Decomposition Reactions : (Reverse of combination reaction) 
+1+5-2 1-1 0 

2KCIO, —— 2KCI + 30, 


Displacement reactions 


A + ВС АС + B 
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Metal displacement : 

43-2 0 43-2 0 
Cr,O, + 2AI — ALO, + 2Cr 
Non-metal displacement 


0 41-2 11-241 0 


2Na + 2 H,O ——> 2Na0H + H, 
Disproportionation : 


Itis a special type of redox reaction in which an element ina particular oxidation state gets 
simultaneously oxidised and reduced. 
431-21 41-2 0 


2H,0, —— 2H,0 + 0, 
oxidation state of O changes from - 1 to 0 and -2 state. 


Auto-oxidation 


Certain materials such as terpentine, olefinic compounds, phosphorus, metals like zinc 
and lead etc. can absorb oxygen from the air in the presence of water and water gets 
converted to hydrogen peroxide refers to the phenomenon of auto-oxidation. The material 
which absorbs oxygen and activates this is called the activator. The addition compound 
of activator and oxygen is termed as auto-oxidator. This reacts with water or some other 
acceptor so as to oxidise the latter. 


BALANCING OXIDATION-REDUCTION REACTIONS BY OXIDATION NUMBER METHOD : 
The steps involved are : 


(i) 
(ii) 


(ii) 


(iv) 


The skeleton equation of the chemical change is written. 


Oxidation numbers are assigned to atoms in the equation. The atoms in which change in 
oxidation number has taken place are selected and two half reactions involving oxidation 
and reduction are selected. 


Change in oxidation numbers in both the equations is made equal by multiplying with 
suitable integers and then both the equations are added. 


First of all, those substances are balanced which have undergone change in oxidation 
number and then other atoms except hydrogen and oxygen. Finally hydrogen and oxygen 
are balanced. In ionic equations, the net charges on both sides are made equal. Н“ ions in 
acidic reactions and HO ions in basic reactions are used to balance the charge and 
number of hydrogen and oxygen atoms. 
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ION-ELECTRON METHOD FOR BALANCING REDOX REACTIONS 


The method for balancing redox reactions by ion electron method was developed by Jette and LaMev 
in 1927. Itinvolves the following steps: 


(i) | Write down the redox reaction in ionic form. 


(ii) | Split the redox reaction into two half reactions, one for oxidation and the other for 
reduction. 


(iii) ^ Balance each half reaction for the number of atoms of each element. For this purpose: 
(a) Balancethe atoms other than H and O for each half reaction using simple multiples. 


(b) Add water molecules to the side deficient in oxygen and H' to the side deficient in 
hydrogen. This is done in acidic or neutral solutions. 


(c) Inalkaline solution, for each excess of oxygen, add one water molecule to the same 
side and 20H ions to the other side. If hydrogen is still unbalanced, add one ОН 
ion for each excess hydrogen on the same side and one water molecule to the other 
side. 


(iv) Add electrons to the side deficient in electrons as to equalise the charge on both sides. 


(v) Multiply one or both the half reactions by a suitable number so that the numbers of 
electrons become equal in both the equations. 


(vi) Add the two balanced half reactions and cancel any term common to both sides. 


The following solved problems illustrate the various steps in oxidation number method. 
1. Balance the given reaction by using oxidation number method. 
MnO, + Fe” — Mn” + Fe? + Н,О (Acidic medium) 
The balancing is done in the following steps: 
e Write the Oxidation Number of each atoms in the skeleton equation. 


Oxidation 
| | 
MnO, + Fe” — Mn” + Fe” + HO 
| | 


Reduction 








o Identify the atoms which undergo change in oxidation number. 
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Calculate the increase and decrease in oxidation number w.r.t. reactant atoms. 
-b5 


+7 
MnO, + Fe* — Мп“ + Ее? + Н,0 
1 
+ 
Equate the increase and decrease іп oxidation number on the reactant side. 
MnO, + 5Fe* — Mn” + Fe” + HO 
Balance Mn and Fe atoms on both sides of the equation. 
MnO, + 5Ее — Mn” + 5Ее? + H,O 


As the reaction is carried in the acidic medium, to balance O atoms, add three H,O 
molecules on the product side. 


MnO, +5Fe” — Mn” +5Fe* + 4H,0 
In order to balance H atoms, add 8H* on the reactant side. 
8H*+ MnO, + 5Fe” > Mn” + 5Fe* +4H,0 


The final equation is balanced w.r.t. charge also. 


2. Balance the given reaction in basic medium. 


Oxidation 





| 
rii +H,0, 2 (Cr0,)” + Н,0 


| 





Reduction 


Write the Oxidation number of each atom 
43-241 41-1 46-2 41-2 
[Cr(OH),] +H,0, — (Cr0,)* + H,O 


Calculate the increase and decrease in oxidation number. 
| 5 | 

+3—2 +1 41-1. +6-2 +1-2 

[Cr(OH),] +3H,0,  (Cr0,)^ +H,0 


-2 
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Equate the increase and decrease in oxidation number on the reactant side 


2[Cr(OH),] + 3H,0,  (Cr0O,)^ +H,0 
Balance the number of Cr atoms in the equation. 
2[Cr(OH),] + 3H,0, — 2(Cr0,)* + H,O 


In order to balance the number of oxygen atoms, add five H,O molecules on the 


product side 
2[Cr(OH),] + 3H,0, — 2(CrO,)* + 6H,0 


As the reaction is carried in the basic medium, in order to balance the number of 
negative charges add two OH ions on the reactant sides and two H,O molecules on 


the product side. 


2[Cr(OH),]  3H,0, + 20H"  2(CrO,)^ +6H,0 + 2Н,0 


or 2[Cr(OH),] +3H,0, + 20H — 2(CrO,)* +8H,0 
Example for balancing using lon electron method 
Cr(OH), + H,0, +OH — CrO,” + Н,0 

Oxidation half reaction. 

Cr(OHY,— CrO,” Balance Н 

Cr(OH) ,+40H — CrO,” +4H,0 Balance electrons 
Cr(OH),+4 OH — CrO,” +4H,0 +3e]x2 
Reduction half reaction 

H,0, > H,0 Balance Oxygen 

Н,0, + H,O — H,O + 20H* 

H,0, + Н,0 + 26 —5 H,0 + 20H 
H,0,+2e — 20H] x3 

Equate electrons lostand gained and add 
2[Cr(OH),] + 20H + 3H,0, — 2Cr0,” + 8H,0 
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PRACTICE QUESTIONS 


1. 


Balance the following equations : 
(i) KMnO, + KCI + Н,50, 5 MnSO, + K,SO, + H,SO, + H,O + CI, (acidic) 
(i) |CrO +1 +H* Cr” + l, + Н,О (acidic) 

(ii) Си+ NO, 4 ...— Cu” + NO, +... (acidic) 

(iv) С,+10, + OH 10, +...+H,0 (basic) 

(v) Br«Br0, + Н“ Вг, + HO (acidic) 

(vi) Н,9 + Сг,0, + H' Cr,0, + S, + Н,О (acidic) 

(vii) Au+NO,+Cl+H*—AuCl,+NO,+H,0 (acidic) 

(viii) I, Cr,O +H* 2 Cr” +10, +H,0 (acidic) 

(ix)  Cu,0 + H*+ NO7, — Cu” + NO +H,0 (acidic) 

(x)  Cl,+l,— 10; «CT (acidic) 


PRACTICE QUESTIONS 

1. Inthe reaction, 4Fe +30,  4Fe* +60, which of the following statements is incorrect? 
(a) Itisaredox reaction. (b) Metallic iron is a reducing agent. 
(c) Бе" is an oxidising agent. (d) Metallic iron is reduced to Fe”. 


The oxidation number of chlorine in HOCI is: 


(a) -1 (b) zero 
(c) +1 (d 42 
Forthe redox reaction, 


MnO, + 6,07 + H' 2 Mn” + CO, + H,O 


the correct coefficients of the reactants for the balanced equation are : 


MnO, б^ H 
а) 2 5 16 
(b) 16 5 2 
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(c) 5 16 2 
(d) 2 16 5 


4. Which one of the following is nota redox reaction? 
(a) СаСО, > Са0 + CO, (b 2H,+0,—2H,0 
(c) М№Ма+Н,О — NaOH + ^H, (d) MnCl, — MnCl, + Cl, 


5.  Theoxidation state of iodine inH,IO, is: 


(a) +7 (b) -1 
(c) +5 (d) +1 
6.  Theoxidewhich cannotactas a reducing agentis : 
(a SO, (b) No, 
(c) CO, (d) CIO, 


7. Inachemical reaction, 
K,Cr,0, + XH,SO, + ySO, > K,S0, + Cr,(SO,),+ZH,0 


X, yandzare: 
a. 1,3,1 b. 441,4 
G 23 d. 2,1,2 


8. When copper is treated with a certain concentration of nitric acid, nitric oxide and nitrogen 
dioxide are liberated in equal volumes according to the equation, 


xCu + yHNO, — Cu(NO,), + NO + NO, + H,O 


The coefficients xand y are : 


(a) 2,3 (b) 2,6 
(c) 1,3 (d) 3,8 
9. Amongstthefollowing, identify the species with an atom in +6 oxidation state : 
(a) Mn(CO), (b) ССМ), 
(c) МЕ” (d) Cr,0,Cl, 
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10. 


11. 


12. 


13. 


14. 


15; 


16. 


The reaction, 
3CIO (aq) — CIO, + 2CI (aq) 
is an example of 


(a) oxidation reaction 


~ 
c 


) reduction reaction 


(c)  disproportionationreaction (d) decomposition reaction 


The oxidation state of iodine in IPO, is : 


(а) +1 (b) +3 

(c) +5 (d +7 

In alkaline medium, H,O, reacts with Fe* and Mn” separately to give: 
(a Fe“ and Mn“ (b  Fe*andMn* 

(с) Fe” and Mn“ (d) Fe“ and Mn” 


Which of the following chemical reactions depictthe oxidising behaviour of H,S0,? 
(a)  2HI«H,50,5 l, + SO, + 2H,0 

(b) Ca(OH), + H,SO, — CaSO, + 2H,0 

(c) NaCl +H,S0, — NaHSO, + HCI 

(d) 2PCl;+H,S0,— 2POCI, + 2HCI + S0,Cl, 

Oxidation state of oxygen in KO, and Na,0, is: 

(a 3,2 (b) 1,0 

(c) 0,1 (d) -0.33,-1 

The reaction, P, + 3NaOH + 3H,0 — 3NaH,PO, + PH, is an example of: 


(a  disproportionation reaction (b) neutralisation reaction 
(c) double decomposition reaction (d) pyrolytic reaction 


Match the items in list ‘A’ with relevant items in list ‘B’ 
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MnO, + 4HCI > MnCI, + СІ, + 2H,0 Zero oxidation number 


Mn,0, . Simple neutralisation reaction 


CH,CI, . Natural redox reaction 
NaOH + HCI > . Fractional oxidation number 


Photosynthesis . A Disproportionation reaction 





(i) ^ 2KMnO, + 10KCI + 8H,S0, > 2MnS0, + 6K,S0, + 8H,0 + 5CI, (acidic) 
(i) ^ Cr0, «6l «14H 5 2Cr" «3l, 7H,0 (acidic) 

(i) Cu+2NO, + 4H' — Cu” + 2NO, +2H,0 (acidic) 

(iv) Cl,«10;« 20H 10; +2CI  H,O (basic) 

(v) 5Br+Br0, «6H'— 3Br, +3H,0 (acidic) 

(vi) 24H,S+8Cr,0,2 + 16H' — 8Cr,0, + 3S, + 32H,0 (acidic) 

(vii) Au+3NO, « 4C 6H' — AuCl; + 3NO, + 3H,0 (acidic) 

(viii) 31,+5Cr,0,7 + 34H' — 100r +610, +17H,0 (acidic) 
(iX) 3Cu,0+14H"+2NO, — 6Cu^ + 2NO +7H,0 (acidic) 
(X) 5Cl,+1,+6H,0 — 210; + 10C + 12H' 








a-u, b-p, c-t, d-q, е-г, f-s 
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REDOX TITRATIONS 


There aretwo approaches to analyse a redox reaction 


0.1 


(I) | mole-concept 

(ii) gram or milli equivalents (meq) 

Mole Concept: First balance a given redox reaction then simply apply mole-concept. 
nX+mY — pA+qB 

from stoichiometry of reaction 

nmoleofX = mmolesofY = pmolesofA = qmolesofB 
millimoles =M xV(mL) 

or Moles=MxV (L) 


200 mL of M/60 KMnO, are used to oxidise a given sample of HCl. How many grams of Cl, are 
produced if redox rection takes place in acidic medium 


Solution : 

2KMnO, +16 НСІ 5 СІ, + 2МпСІ, + 2KCI +8H,0 
2xmillimole of KMnO, 2 5 x millimole of CI, 

2x 200 x 1/60=5 x millimole of Cl, 

millimoles of Cl, = (2/5) x (200/60) 

Mass of Cl, = (2/5) x (200/60) x 71 x 107g 

— 0.592g 


GRAM EQUIVALENTS 


Inthis method there is no need to balance a redox reaction 
X + Y > A + В 

Reducing  oxidising 

agent agent 

meq of X = meq of Y = meq of A = meq of B 





meq - mass 4000 
eq. mass 


Eq. mass = mol. mass 


n=number of electrons transferred by one molecule/ion of oxidising or reducing agent 
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EXAMPLES 

FeSO, 

As areducing agent 

Fe? — Fe" +e 

во, = 152/1 2152 

FeSO, (As a oxidising agent) 
Fe"^«2e — Fe 

Eso, 7 192/2 2 76 


Na,S,0, 

As a reducing agent (Acidic medium) 
26,0,  $,0,^ + 2e 

for one molen = 1 

Eiso, = 158/1 =158 

As a reducing agent (Basic medium) 
S,0,°+100H — 2S0,°+5H,0 + 8e 
n=8 

E=158/8 


Na58505 


HNO, 

As an oxidant (conc. HNO,) 

NO, «2H' «e — NO, + HO 

Пп =1 

E=63/1 

As an oxidant (dil HNO,) 

NO, + 4H*+3e — NO + 2H,0 

[ied 

E49, = 63/32 21 

Note : Equivalent mass depends on dilution 
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Q.2 


Q.3 


Q.4 


5.5gofamixture of FeSO,.7H,0 and Fe,(SO,),. 9H,O required 5.4 mL of 0.1 N KMnO, solution for 
complete oxidation. Calculate the moles of hydrated ferric sulphate in the mixture. 


Sol: Mr" 0; — Mn” (charge transfered 5 electrons) 
Fe" — Fe” «e 

only FeSO,. 7H,0 will react 

-. meq of FeSO,, 7H,0 = meg of KMnO, 

3 х 1000 = 5.4x0.1 


W_ x 1000 = 0.54 
278 


W -0.150g 

Therefore weight of е,(50,),• 9Н,0 25.5 - 0.1509 2 5.3509 

Moles of Fe,(S0,),. 9H,O = 5.350/562 

-9.5x 10? mole 

An element A in a compound ABD has an oxidation number ‘-n’. It is oxidized by Cr,0,” in acid 


medium. In an experiment 1.68 х 10? mole K,Cr,0, was required for 3.26 x 10? mole of the 
compound ABD. Calculate new oxidation state of A 


Sol: A" — A" + (a«n)e- 

бе «2Cr* — 2Cr* 

meqofA =meqofCr,0,” 

3.36x 10? x (a«n) = 1.68x 10? x 6 

a+n=3 

a=3-n 

20 mL of a solution containing 0.2 g of impure sample of H,O, reacts with 0.316 g of KMnO, 
(acidic) calculate : 

a. Purity of H,O, 

b. Volume of dry O, evolved at 27°C and 750 mm pressure. 
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5e + Mn" Мп” 
0,20, +26 

meq of H,O, = meq of KMnO, 
Wx1000 _ 0.316 , 1000 








34 158 
2 9 
W =0.170 


0.2 g impure sample of H,O, has 0.17 g pure H,O, 

% purity ofH,0, „= АШ „ау 
0.2 

Now eq. of 0, = eq. of KMnO, 

W. 0.316x5 

32 158 

2 

W,, 20.16g 





790, y 0.16 0 9821 x 390 
760 32 (applying PV = nRT) 


therefore V, = 124.79 mL 


1g of AgNO,is dissolved in 100 mL of water and is titrated with 100 mL of KI solution resulting in 
precipitation of Agl. The KI left in the filtrate is then titrated with M/20 KIO, in presence of 6 M 
KCI. The volume of KIO, required is 100 mL. It is observed that 20 mL of same KI solution 
requires 30 mL of M/20 KIO,. What is the percentage of AgNO, in the sample 


Sol. 


The calculations involve the following steps 
(i) 100mL1gAgNO,+100 mL of KI (M=?) 
AgNO, + KI  Agl | + KNO, ....... (1) 


(i) ExcessKI + M KIO, 
20 


KI + KIO, + HCl — ICI + KCI + H,O.......(ii) 


UDN 


A program to give wings to git students REDOX REACTIONS 


(iii) 
(iv) 


To determine molarity of KI 

To determine percentage of AgNO, in the sample 

Firstly we have to balance eq(ii) 

Г +26 

10, + 69° + 4e S l'« 3H,0 

The overall balanced equation is 

2| «10, + 6H' 2 31+ 3H,0 

= 2mmoles of KI s 1mmole of KIO, 

= Millimoles of KIO, used - | x 100 = 5 
20 

1 mmole of KIO, =2mmoles of KI 

= 5 mmoles of KIO, = 10 mmoles of KI (excess) 


milli moles of KIO, used for titrating 20mL К! 


"ur. TR 
20 2 
= mmoles of KI 2x mmoles of KIO, = 3 = M x20 
= М = ES 
20 


— Initial mmolesofKl 2.9 x 100 = 15 


—mmoles of КІ used for AgNO, = 15 - 10= 5 
Неге, 1mmole of KI = 1mmole of AgNO, 

— mmoles of AgNO, - 5 

Let ‘w’ be the mass of pure AgNO, in 1 g sample 


= M x 1000 25 
170 


=>w=0.85g 
or % of AgNO, = 85% 
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Q.6 A solution of 0.2g of a compound containing cupric and oxalate ions on titration with 0.03 M 
KMnO, in presence of H,SO, consumes 11.3 mL of the oxidant. The resulting solution is 
neutralized with Na,CO, acidified with dil CH,COOH and treated with excess KI. lodine liberated 
requires 2.85 mL of 0.06 M Na,S,0, for complete reduction. Find mole ratio of two ions. Also, 
write balanced redox reaction. 


Sol 


Also 
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Cu” ions cannot be oxidized, so only С,0, will be oxidized by KMnO,. 
50,0, + 2MnO, + 16H' 2 2Mn* + 10С0, + 8H,0 


—2mmoles of MnO, =5 mmoles of C,0,” ions 


0.03 x 11.4 mmoles of MnO, = 2. (0.03х11.4) m moles of C,0;" ions 


2Cu* +21 > |, + 2Cu* 
|,+ 25,0, > 2l + S0, 


= 2 mmoles of S,0," =1 mmole of I, 


or (0.06 x 2.85) mmole of $,0,” = 2. 006х285) mmole of |, 


= — (0.06 x2.85) mmole of |, = (0.06 x 2.85) mmole of Cu” 


Л. 
2 
CO, _ (5/2)(0.03x11.4) 
Си” 0.06х2.85 


The mole ratio is 5 : 1 


So mole ratio of 
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PRACTICE QUESTIONS 
1. | What volume of O, measured at standard conditions (0°C, 1 atm) will be formed by the action of 


100 mL of 0.5 N KMnO, on hydrogen peroxide in an acidic solution? The skeleton equation for 
the reaction is КМпО,+ Н,50, + Н,О, > KHSO,+MnSO,+H,0 +0, 


a. 0.12 litre b. 0.28 litre 

c. 0.56 litre d. 1.12 litre 

What volume of 0.40 M Na,S,0, would be required to react with the |, liberated by adding excess 
of KI to 50mL of 0.20 M CuSO, solution? 

a. 3125mL b. 25mL 

c. 50mL d. 25mL 

What is the normality of KMnO, solution to be used as an oxidant in acidic medium, which 
contains 15.8 g of the compound in 100 mL of solution? 

a. 2N b. ЗМ 

C. 4N d. 5N 

What volume of 1N K,Cr,0, solution is required to oxidise (in acidic solution) a solution 
containing 10 g of FeSO,? (mol. wt. of FeSO, = 152) 

а 65.78mL b. 134mL 

c.  35mL d. 335mL 

For the reaction, 2Fe* + Sn” — 2Fe* + Sn“, the normality of SnCl, (mol. wt. = 189.7) solution 
prepared by dissolving 47.5 g in acid solution and diluting with Н,О to a total of 2.25 litre is 

a. 0.222N b. 0.111N 

c. 0.333N d. 0.444N 


In alkaline condition KMnO, reacts as follows, 
2KMn0O, + 2KOH > 2К,Мпо, + Н,0 +0, 

The equivalant weight of KMnO, is 

a. 627 b. 158 
c. 316 d. 79 


2 
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A solution of KMnO, is reduced to MnO,. The normality of solution is 0.6. The molarity is 

a. 1.8M b. 0.6M 

c. 01M d. 0.2M 

Number of K* ions and moles of K* ions present in 1 litre of N/5 KMnO, acidified solution 
respectively are 

a.  0.004and2.4x10? b. 2.4x10”and 0.04 

c.  200and 6.023 x10” d.  6.023x10” and 200 

A solution containing 2.68 x 10? mol of A" ions requires 1.61 x 10° mol of MnO, for the 
oxidation of A" to AO, in acidic medium. The value of nis 

a. 1 b. 2 

бу d d. 4 

20 mL of an acidified solution of ferrous sulphate requires 15 mL of 0.1 M solution of KMnO, for 


complete oxidation. For the same solution, the volume of 0.1 M K,Cr,0, for complete oxidation 
would be 


a. 24mL b. 18.0mL 
c.  16.667mL d.  125mL 
Column | lists equivalent masses and column II lists some of the typical titrations. Match each 
entry of column! with those given in Column Il. 
Column | Column II 
a. Molarmass/(beqmol") р. KMnO,inFe" versus MnO; titration in alkaline medium 


b. Molar mass / (2 eq mol’) q. KMnO, in oxalic acid versus MnO, titration in acidic 
medium 


c. Molarmass/(6eqmol") гт Na,S,0,in l, versus 5,0, titration 
d. Molarmass/(1eqmol') ѕ. К,0г,0, іп Fe” versus Cr,0; titration 


t.  Oxalic acid in oxalic acid versus MnO, titration in acidic 
medium 
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12. 


13. 


25 mL of household bleach solution was mixed with 30 mL of 0.50 M KI and 10mL of 4 N acetic 
acid. In the titration of the liberated iodine, 48 mL of 0.25 N Na,S,0, was used to reach the end 
point. The molarity ofthe household bleach solution is 


a. 0.48M b. 0.96M 
c. 0.24M d. 0.024M 
Passage 


K,Cr,O, acts as a good oxidizing agent in acidic medium 
Сг,0, + 14H + бе 2Cr^ + 7H,0 
Orange Green 


In alkaline solution, orange colour of Cr,0,” change to yellow colour due to formation of Cro,” 
and again yellow colour changes to orange colour on changing the solution to acidic medium. 


0,0, « 20H — 2610, - H,O 
Orange Yellow 


CrO,’ and Cr,0,” exist in equilibrium at pH = 4 and are interconvertible by altering the pH of the 
solution. When heated with H,SO, and metal chloride, K,Cr,0, gives vapours of chromyl chloride 
(СгО,СІ,). Chromyl chloride (СгО,СІ,) when passed into aqueous NaOH solution, yellow 
coloured solution of CrO;" is obtained. This on reaction with lead gives yellow ppt. of PbCrO,. 


When H,0, is added to an acidified solution of dichromate ion, a complicated reaction occurs. 
The products obtained depend on the pH and concentration of Cr. 


Сг,0, + 2H' + 4H,0, — 2Cr0(0,), + 5H,O 


A deep blue violet coloured peroxo compound, CrO(0,),, called chromic peroxide is formed. This 
decomposes rapidly in aqueous solution into Cr” and oxygen. 


Number of moles of K,Cr,O, reduced by one mole of Sn” ions in acidic medium is 
a. 1/3 D. 3 
c. 1/6 d. 6 
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14. The equivalent weight of BaCrO, used as an oxidizing agent in acidic medium is (atomic weight 
of Ba = 137.34 and Cr = 52) 
a. 137.34 b. 8444 
б. 114.45 а. 68.67 
15. The equivalent mass of KIO, іп the reaction given is 
2Cr(OH),4 40H +KIO, — 20610, + KI + 5H,O, (M = molecular mass of KIO,) 
a. M b. M/3 
p. M/6 d. M/2 
ANSWERS 
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1. b 2. b 3. d 4. a 5. a 6. b 
7. d 8. b 9. b 10. d 11. a-q, b-t, c-s, d-r 


UNIT - 9 
HYDROGEN 


Learning Outcomes 


Thelearners would be able to 
° Infer about the position of Hydrogen in periodic table. 


° Identify the ways of occurrence and preparation of dihydrogen on a small and industrial 
scale 


. Discuss the bonding of hydrogen with other elements 
° Explain the structure of water, its fundamental properties. 
° Getthe knowledge about heavy water and hydrogen peroxide. 


Hydrogen is the first element in the periodic table. Hydrogen has electronic configuration 1s'. The 
position is anomalous since in some properties it resembles alkali metals and in some it resembles 
halogens. 


° There are three isotopes of hydrogen: protium, deuterium and tritium. 
Symbol Atomic | Mass | Electronic | Radioactive | Radioactive Relative Nuclear 
number | number | structure | abundance nature atomic spin 
mass quantum no 
1 99.985% Non- 1.007825 
(о) radioactive 
2 0,015% Non- 2.014102 
radioactive 
i 


° Dihydrogen has two nuclear spin isomers called ortho and para-dihydrogen. 


Protium 


Tritium 








Deuterium 


Ortho Hydrogen Para Hydrogen 
(parallel nuclear spins (Anti parallel nuclear spins) 
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Hydrogen combines with a large number of metals as well as non-metals to form 
compounds which are collectively called hydrides 


Resemblance with alkali metals 


1. 


Electronic configuration — H contains one electron in its valence shell Is' same as ns’ in 
alkali metals. 


Electropositive character —H can lose one electron to form H* 

H—*H'«e 

Oxidation state — Н shows + 1 oxidation state 

H* Cr 

Na' Cl 

Liberation at cathode — When aqueous solution of HCI is electrolyzed, H, is liberated at 


cathode in the same way as alkali metals are liberated at cathode during electrolysis of 
their fused halides 


Cathode anode 
2HCI electrolysis Н,(0) + 01,09) 


2 NaCl electrolysis 2Na(l) + CL(g) 
Reducing character — Hydrogen acts as strong reducing agent. 


Fe,0,(s) - 4 H,(g) —2 3Fe(s) +4H,0(g) 


Resemblance with halogens 


1: 


Electronic configuration — Like halogens, Н has one electron less than the nearest inert 
gas. 


Electronegative character — H can gain 1 e to form hydride 
H+e —H 
Oxidation state — H shows — 1 oxidation state Na'H . 


Liberation at anode — When fused alkali metal hydrides are subjected to electrolysis, 
hydrogen is liberated at anode. 


Cathode anode 
2NaH(l) electrolysis | 2Na(l) + 4H,(g) 
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° Isotopes of hydrogen 
iH iH Н 
protium deuterium tritium 


They differ from each other only in the number of neutrons in the nucleus. Since they have 
same electronic configuration 1s’, they have similar chemical properties. 


° Dihydrogen is the most abundant element in the universe (70% of the total man of the 
universe) 
Preparation 
1. Byaction of water on active metals 
2 Na(s) + 2H,0(I) —* 2 NaOH 9) 
Ca(s) +2 H,O(I) —> Ca(0H), 9) 
З Fe(s) +4 H,0(g) _4 , Fe,O,(s) +4 H,(g) 


(aq) + H,( 
(aq) + H.( 
2.  Byelectrolysis of water 


2 H,O(I) electrolysis , 2H,(g) +0,(g) 


3.  Byreaction of metals with alkalies 
Zn(s) +2 NaOH(aq) —А—> Na,Zn0,(aq) + H,(g) 
Sod. zincate 
Be(s) +2 NaOH(aq) —А—> Na, BeO,(aq) + H,(g) 
Sod. beryllate 
4. . Byreaction of metals with acids 
Zn(s) +Н,50,(а9) — —* ZnSO,(aq) +H,(g) 
Mg(s) + 2 HCl(aqg) — —* MgCl,(aq) + H,(g) 
Coal Gasification — Process of producing syn gas from coke or coal. 
C(s) + H,0(g) A + С0(9) + H.(9) 
coke steam water gas 


Mixture of CO and H, is used for synthesis of methane and other hydrocarbons so it is 
known as syn gas. 


HYDROGEN 


Uses: 
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Water gas shift reaction — Conversion of water gas into syn gas 
CO(g)+H,0(g)+H,0(g) — 673K , CO,(g) +2H,(9) 


Water gas Fe CrO, syn gas 


Properties of dihydrogen 


Stable and relatively inert at room temperature due to high H — H bond 
dissociation enthalpy. 


Highly combustible gas burns with a pale blue flame to form water, not a 
supporter of combustion. 


Reactions of dihydrogen 
Hg) +9() — => H,S(g) 
C(s) +2 Н,(0) 4» CH,(g) 
H,(g) + F,(g) —4 + 2 HF(g) 
H,(g) + Cl,(g) 4 » 2 HCl(g) 


hv 


N,(g)+3H,(g) 6/3K200aim — , ?NH.(g) (Haber's process) + AH 





Fe, Mo 


CuO(s) +H,(g) —4—-» Cu(s) +H,0(g) (hydrogen as reducing agent) 
CH, -CH,(g)«H,(g). NiorPt , CH,—CH;(g) (hydrogenation) 


А 


Liquid hydrogen (mixed with liquid oxygen) is used as rocket fuel. 


Atomic hydrogen and oxy – hydrogen torch for cutting and welding. 


In synthesis of ammonia 


In manufacturing of vanaspati fat by hydrogenation of poly unsaturated vegetable oil. 


In manufacturing of bulk organic chemicals 


In manufacturing of metal hydrides 
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Hydrides 
1. lonic hydrides : formed by s block elements LiH, NaH, KH. They are stoichiometric. 
2. Metallic or interstitial hydrides : formed by d and f block elements. They are non 
stoichiometric eg. Ган, „Үр, „Н 
3. |. Molecular / covalent hydrides : formed by p block elements 
a) Electron deficient hydrides : formed by group 13 elements. They do not have 
sufficient number of electrons to form normal covalent bonds. 
They exist in polymeric forms eg. BH,, AIH, 
b) Electron precise hydrides — formed by group 14 elements. They can neither act as 
lewis acid or lewis base eg. CH,, SiH, 
C) Electron rich hydrides — formed by group 15, 16, 17 elements. They can actas Lewis 
base due to presence of lone pair of electrons eg. NH,, HF, H,0. 
Water 
Properties 


It has high boiling point due to presence of intermolecular hydrogen bonding. 
Dueto its high dielectric constant (78.39) itis a universal solvent. 


Amphoteric character — Ії can act as acid as well as base 


Н,О(1) + NH,(g) ——* NH; + ОН" 
acid base 
H,O(l) + Н,5(0) ——* H,0'«HS 
base acid 


Oxidising agent 


2 №а(ѕ) +2Н,0(1) ——» 2NaOH(aq) + Н,(0) 


Reducing agent 


2F,(g)+2H,O(l) ——> 0,(0) +4Н'+4Е 


Water has a higher specific heat, thermal conductivity, surface tension, dipole moment & 
dielectric constant. 


It is an excellent solvent for transportation of ions and molecules required for plant and 
animal metabolism. 
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° Due to hydrogen bonding with polar molecules, even covalent compounds like alcohols 
and carbohydrates dissolve in water. 


Structure of Water 
95.7 pm 8- 
104.5° 
8+ 8+ 
H H H H 
Bent structure Water molecule as a dipole 
H H 


Orbital overlap 
° Water is regarded as a universal solvent. 


° Depending upon the behavior of water towards soap, water may be classified as soft or 
hard water. 


° Degree of hardness is expressed in ppm. 


Types of hardness of water 
1. Temporary hardness — due to bicarbonates of Ca and Mg. 
2. Регтапепіһагапеѕѕ – дие to chlorides and sulphates of Ca and Mg. 


Methods of removing hardness 
Temporary hardness 


1.  Byboiling 
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Ca(HCO,), —4 + CaCO,(s) + CO,(g) +H,0 
Mg(HCO,), 4» MgCO,(s) + CO,(g) + H,O 


2.  ByClark's process —calculated amount of quick lime is added 
Ca0(s) + H,O —» Ca(Oh),(s) 
quick lime slaked line 
Ca(HC0,), + Ca(OH), ——» 2CaCO,(s) + 2H,0(l) 
Mg(HCO,), + Ca(OH), ——* CaCO,(s) + MgCO,(s) V + 2Н,0(1) 
Permanent hardness 
1.  lonexchange method — Ca” and Mg” present in hard water are exchanged by ions present 
inion exchangers. (sodium aluminium silicate) 2NaZ + М ——» MZ, + 2Na* 
Cation exchange resin — They can exchange H' ions with cations such as Ca” and Mg” 
ions present in hard water. 
2 RCOOH + CaCl, — ——» (RC00),Ca - 2 H*+2 CF 
cation exchange resin (from hard water) exhausted resin 
Anion exchange resin — They can exchange OH ions with anions such as СГ and SO,” 
present in water. 
R-N'H,OH + СГ —> А-ЇМ'Н,СГ+ОҤ 
Anion exchange resin from hard water 
H*+OH —*H,0 
Water obtained is free from all cations and anions. Water obtained by this process is called 
de-iosised water. 
2. Саідоп Process 


2CaCl, + Na, [Na, (PO,),] — — ———5  Na,[Ca,( P0,),] + 4 NaCl 
from hard water sod. hexametaphosphate (calgon) 


Reactions of heavy water (0,0) 


1. 
2. 
3. 


2 D,O Electrolysis 2 D,(g) + 0,(g) 
Ca(s)+2D,0 ——» (Ca(OD),+D,(g) 
Са0(ѕ) +0,0 ——» Са(00), 
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4. P,0,,(s) +6 D,O(l) ——» 4D;,PO,(l) 
deuterophosphoric acid 


5.  SO,*D,O(I) —»* 0,50, 
deuterosulphuric acid 


6.  Ca,P,(s) +6D,0 ——» 3Ca(OD),+2PD,(g) 
deuterophosphine 


Uses : 
1. Tracer compound for studying mechanism of reactions. 


2. | ASamoderator in nuclear reactions to slow down fast moving neutrons. 


Hydrogen Peroxide 
Preparation 
1. From sodium peroxide 
Na,O,(s) + Н,50,(ад) ——» Na,SO,(aq) + H,O, 
2. From barium peroxide 
Ba0,-8H,0 + Н,50, ——» BaSO,+H,0,+2H,0 


Strength of H,0, solution 
1.  Volumestrength - 5.6xNormality 


% strength 
Eq wt of H,0,(17) 


= 56 x strength in gL" 
Eq wt of H,0,(17) 


2. Volumestrength = 11.2 x Molarity 








= 112 x _ “Strength 
Mol. Wt of H,0,(34) 
= 56 x _strengthin gL” 
Eq wt of H,0,(17) 








Properties 


° More viscous than water since molecules are more highly associated through H bonds 
than H,O molecules. 
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° Behaves as weak acid 
H,0,(1) ——» Н+ HO, (hydroperoxide iorn) 
H,O,(I) ——> 2H' + 0,” (peroxide iron) 
° Oxidising character 


In acidic medium 
Н,0,(1) +29 + 2e —+2H,0(I) 
2 Fe” (aq) + H,0,(1) + 2 H* —> 2 Fe” (aq) + 2H,0(I) 
2 (ад) + Н,0,(1)  2H' — l, + 2 H,O(l) 
PbS(s) +4H,0,(1) ——> PbSO,(s) + H,0(1) 


black white 
Restores the white colour of lead paintings which have blackened due to formation of lead 
sulphide. 

In alkaline medium 


H,0,(aq) + 2e ——» 20H 

Cr” (ад) + 3H,0,(aq) + 10 0H ——> 2Cr0, (aq) +8 H,0(1) 
Mn” (aq) +H,0,(aq) +20H ——> Mn0O,(s) +2H,0(I) 

. Reducing character 


In acidic medium 

H,0,(aq) ——* 2H' + O,(g) + 2e 

Cr,0; (aq) + 8H’ + ЗН,О, (ад) ——* 2Cr^(aq) + 7H,O(l) +30,(g) 
2MnO, (ад) + 6H' + 5H,0,(aq) — 2Mn"(aq) + 8H,0 + 50,(g) 
In alkaline medium 

H,0,(aq) - 20H. ——* 2H,0 + O,(g) + 267 

|,+H,0,(aq) +209 ——* 217+ 2Н,0 +0, 

2Ее*(ад) + Н,О,(ад) + 20H. ——» 2Fe™(aq) + 0,(g) +2Н,0 
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Bleaching action — due to liberation of nascent oxygen produced on decomposilion. 
Н,О,(ад) —* H0 + [0] 
colouring matter + [0]— colourless matter 


It liberates |, with KI which gives blue colour with starch. 


Structure of H,0, 


H 





Structure of H,O, (a) in the gas phase, dihedral angle = 111.5° and (b) in the solid phase at 
100K, dihedral angle = 90.2". 


Hydrogen peroxide acts as an oxidizing agent, reducing agent and bleaching agent. 
Strength of H,O is expressed in terms of volume of O, liberated on heating its unit volume. 
The search for an alternative source of energy has given rise to the hydrogen economy. 
Liquid hydrogen is an important fuel. 


Hydrogen as a Fuel 


Dihydrogen releases large quantities of heat on combustion. 


Pollutants in combustion of dihydrogen will be less than petrol. The only pollutant will be the oxide of 
dinitrogen which is present as an impurity. Thus hydrogen economy is an alternative the bane principle 
is the transportation and storage of energy in the form of liquid or gaseous dihydrogen. Advantage is 
that energy is transmitted in the form of dihydrogen and notas electric power. 


Solved Problems 
1. HCIO,H,0 is 
a)  Acovalentsolid containing hydrogen bonded H,O 
b) Anionic solid containing H' ions 
c) Anionic solid containing CIO, ions 
d) Aliquid 
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Solution : HCIO, H0 is [Н.О] [CIO, ] in the same way as NH,CI is [NH] [CI] after the proton 
shift. Therefore answer is с. 
2.  ZnH,isa/an 

a) іопіс hydride b) covalent hydride 

C) interstitial hydride d) intermediate hydride 


Solution : Like ZnH,, CuH, CdH,, MgH, and HgH, have properties intermediate between ionic and 
covalent hydrides. Therefore answer is d. 
3. Thebond dissociation energy of H,, D, and T, follow the order (D-Deuterium, T-Tritium) 

a)  H,>D,>T, b) T,>D,>H, 

c)  D,>T,>H, d T,>H,>D, 

Solution : Bond dissociation energy of 

T, is 446.9 kJ mol” 

D, is 443.4 kJ mol” and 

Н, is 435.9 kJ mol" Therefore the answer is b. 


4. When NaH reacts with water, the gas liberated is 

a) Oxygen b) hydrogen 

C) steam d) ozone 

Solution : NaH + H,O — NaOH +H, Therefore the answer is b. 
5.  H,O,onstanding decomposes to produce 

a) н, b) H,andO, 

с) H,OandO, d OH 

Solution 2H,0, —> 2H,0 + О, Therefore the answer is с. 
6. Dipole moment of H,0, is 


a)  Equalto that of water b) Greater than that of water 
C) Less than that of water d) Unpredictable 
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Solution : Due to presence of two polar О-Н bonds and non-planar structure, dipole 
moment of H,O, becomes quite high. 


Therefore the answer is b. 


7.  Ahairdyeavailable in market generally contains two bottles, one containing dye and other 
contains hydrogen peroxide. Two bottles are mixed before applying the dye. Function of 


Н,О, is to 
a) | Reduce the dye b)  Oxidise the dye 
c) Dilute the dye d) Acidify the dye solution 


Solution : Bleaching action of HO, is due to its oxidative property. 
Therefore the answer is b. 
8. What percentage strength of HO, will be marked as '20 vol'? 
a) 3% b) 6% 
с) 9% d) 12% 
Hint : 2H,0, — 2H,0 +0, 
Solution : 2H,0, — 2H,0 +0, 
22400 cm = 68 g (Since, mass of 2H,0, = 68 g) 
cm- 08 __ 


22400 


20cm». 980 — y 20cm? 
22400 cm3 


Therefore, percentage strength 


22400 


= 6.06 % =6% 


Therefore answer is b. 
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Practice Questions 


Q1. 


Q2. 


Q3. 


Q4. 


Q5. 


Q6. 


In which ofthe following reactions, H,0, is acting as a reducing agent? 
a)  S0,+H,0,— H,S0, 

b) 2KI+H,0,—»2KOH +1, 

) PbS+4H,0,—*» PbSO,+4H,0 

)  Ag,0+H,0, —> 2Ag+H,0+0, 


о 


d 
10 mL of H,O, solution is treated with КІ and titration of liberated |,, required 10 mL of 1 N 
hypo. Thus H,O, is 

a) 1N b) 5-6volume 

c) 1701" d) allare correct 


30 volumes H,0, means 
a) 30% H,0, 
b) 30cm'ofthesolution contains 1 g of H,O, 


) 
)  1cm* ofthe solution liberates 30 cm’ of O, at STP 
) 


Co 


d 30 cm’ of the solution contains one mole of H,O, 


In alkaline medium, Н,О, reacts with Ее? and Мп” respectively to give 

a)  Fe"andMn* b) Fe*andMn* 

c) Fe*andMn* d)  Fe*andMn* 

In transforming 0.01 mole of PbS to PbSO,, the volume of '10 volume’ H,O, required will 
be 

а) 112mL b) 224mL 

c) 336mL d) 448mL 


Blackened oil painting can be restored into original form by the action of 
a)  Chlorine b) BaO, 
c) HO. d) MnO, 
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Q7. 


Q8. 


Q9. 


Q10. 


Answers 
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Inthe calgon process of softening of water, which ofthe following is used? 
a) Sodium hexametaphosphate 


b Hydrated sodium aluminium silicate 


о 


) 
) Cation exchange resins 
) 


d) Anion exchange resins 


The reagent commonly used to determine hardness of water quantitatively is 

a)  Oxalicacid b)  Disodium salt of EDTA 

с)  Sodiumcitrate d)  Sodiumthiosulphate 

The hardness of water sample containing 0.002 mole of magnesium sulphate dissolved in 
a litre of water is expressed as : 

a) 20ррт b) 240ррт 

c) 2000ppm d) 120ppm 

In the following reaction using isotope "O in H,O, 

2MnO, + 3H,0," —» 2MnO, + 30,+ 2Н,0 + 20H” 

Isotopic oxygen goes: 


a)  bothinO, b)  bothinMnO, 
C)  bothinOH- d) onein 0,and one in MnO, 
d 2 d 3 С 
C 5 d 6 C 
a 8 b 9 b 
а 


UNIT - 10 
S-BLOCK ELEMENTS (Alkali and Alkaline Earth Metals) 


Learning Outcomes 


The learners will be abled to 


° Discuss the general characteristics of the alkali metals and their compounds. 

° Discribe the general characteristics of the alkaline earth metals and their compounds. 

° Explain the preparation, properties and use of important compounds of S-block elements. 
° Appreciate the biological significance of Na, K, Mg and Ca. 


The S-block elements are those in which the last electron enters the outermost s-orbital. As the s- 
orbital can accommodate only two electrons, two groups (1 & 2) belong to the s-block of the Periodic 
Table. 


Lithium (Li), sodium (Na), potassium (K), rubidium (Rb), caesium (Cs) and francium (Fr) are called 
alkali metals since their oxides and hydroxides are soluble in water and form strong alkalies. Francium 
is, however, radioactive. 


General electronic configuration — The general electronic configuration of alkali metals is [noble gas] 
ns' where п = 2-7. Due to the presence of one unpaired electron, all alkali metals are paramagnetic but 
their salts are diamagnetic. 


Abundance — Sodium and potassium are abundant and lithium, rubidium and caesium have much 
lower abundances. Francium is highly radioactive, its longest lived isotope "Fr has a halflife of only 21 
minutes. 


Atomic radii — The atomic radii of alkali metals are the largest (after inert gases) in their respective 
periods. Both atomic and ionic radii increase down the group from Li to Cs as the number of inner filled 
shells and screening effect increases. 


Enthalpy of hydration — The enthalpy of hydration of alkali metal ions decreases with increase is ionic 
radii, i.e., Li’ > Na' > K' > Cs'. In other words, degree of hydration decreases down the group from Li’ to 
Cs*. Consequently, radii of hydrated ions decreases in the order : Li' > Na > K' > Rb’ > Cs'. Conversely, 
the ionic mobility decreases in the opposite order, i.e., Li' < Na' «K' < Rb* < Cs*. 


Further since Li has the maximum degree of hydration, therefore, several Li salts are hydrated, i.e. 
LiCIO,. ЗН,О, Li,CO,+3H,O, LiCl; 2H,O etc. 


lonization enthalpy – The first ionization enthalpy (AH,) of alkali metals is quite low and decreases 
further down the group due to increasing atomic size and shielding effect. Further, due to inert gas 
configuration of the unipositive ions the second ionization enthalpies (AH,)of alkali metals are very 
high and decrease down the group from Li to Cs. 
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Electropositive character — All alkali metals are strongly electropositive due to their low ionization 
enthalpies. Further, the electropositive character increases down the group as the ionization enthalpies 
decrease. Thus, Fris the most metallic and electropositive element in the periodic table. Further, due to 
the presence of a single electron outside the noble gas core, all the alkali metals have a strong tendency 
tolosethis electron to acquire the electronic configuration of the nearest noble gas. 


Consequently, all the alkali metals uniformly show an oxidation state of + 1. 


Metallic character — Alkali metals have low ionization energies, they have high tendency to lose 
valence electrons. The metallic character increases down the group because ionization energy 
decreases down the group. 


Melting and boiling points — The melting and boiling points of alkali metals are very low and decrease 
with increase in atomic number. 


As alkali metals have large size, the intermetallic bonds in them are quite weak. Hence, they have low 
melting and boiling points which decrease down the group with the increase in the atomic size. 


Photoelectric effect — Due to low ionization enthalpies, all alkali metals except Li show photoelectric 
effect. Dueto strong photoelectric effect, K and Cs are commonly used in photoelectric cells. 


Nature of bonding — Due to low ionization enthalpies, alkali metals form ionic compounds. Further, the 
ionic character increases down the group due to decreasing ionization enthalpies. Lithium, however, 
because of its high ionization enthalpy forms covalent compounds, i.e., alkyllithium (R-Li), aryllithium 
(Ar-Li). 

Flame colouration — Due to low ionization enthalpies, all the alkali metals and their salts impart 
characteristic colours to the flame. For example. 


Metal Li Na K Rb Cs 
Colour Crimson red Golden yellow Pink violet Red violet Sky blue 
Anm (670-8 nm) (589-2 nm) (766-5 пт) (780-0пт) (455-5nm) 


On heating an alkali metal or its salts especially chloride due to its more volatile nature in a flame, the 
electrons are excited easily to higher energy levels because of absorption of energy. When these 
excited electrons return to their ground states, they emit extra energy in the visible region thereby 
imparting a characteristic colour to the flame. 


Reactivity and electrode potential 


Reducing character — Due to large negative electrode potentials, alkali metals are strong reducing 
agents. The reducing power increases from Na to Cs but Li is the strongest reducing agent. 


Electrode potential is a measure of the tendency of an element to lose electrons in the aqueous 
solution. More negative is the electrode potential, higher is the tendency of the element to lose 
electrons and hence stronger is the reducing agent. 
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Lithium is the strongest reducing agent in the aqueous solution. 
Electrode potential depends upon 

i. Sublimation enthalpy 

ii.  lonization enthalpy 

iii.  Enthalpy of hydration 

i. Li (s) sublimation enthalpy Li (g) 

ii. Li (g) lonization Enthalpy ER (g) +e 

iii. Lit (g) +aq ———————» Li (aq) + enthalpy of hydration 
The sublimation enthalpies of alkali metals are almost similar. Since, Lithium has the smallest ionic 
size among alkali metals, its enthalpy of hydration is the highest. Althrough ionization enthalpy of 


Lithium is the highest among alkali metals, it is more than compensated by the large hydration 
enthalpy. 


Action of water — All alkali metals react with water evolving H, and forming their corresponding metal 
hydroxides, 


2M + 29,0 ——> 2MOH +h, 


Lithium is the least reactive while the reactivity of other alkali metals increases down the group as the 
electropositive character of the metal increases : 


Li<Na<K<Rb<Cs 


Basic Character — Alkali metal hydroxides are strong bases and their solubility and basic character 
increases down the group from Li to Cs as the ionization enthalpy of the metal decreases or the 
electropositive character of the metal increases. Thus, basicity increases in the order : 


LiOH « NaOH « KOH « RbOH <CsOH 


Action of oxygen 
Lithium forms monoxide 

4Li 4 0, —*— 21,0 
Sodium forms peroxide 


2Na +0, —“— Na,0, 
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K, Rband Cs react with oxygen form superoxides 
K+0, ———— КО, 


Increasing stability of peroxide or Superoxide as the size of the metal cation increases is due to the 
stabilization of larger anions by larger cations through higher lattice enthalpies. 


The oxides and the peroxides are colourless when pure, but the superoxides are yellow or orange in 
colour. The superoxides are also paramagnetic. Sodium peroxide is widely used an oxidizing agent in 
organic chemistry. 


Action of air and moisture — Alkali metals get tarnished when exposed to air and moisture due to the 
formation of oxides, then hydroxides and finally carbonates. Because of these reactions, alkali metals 
are stored in inert hydrocarbon solvents like petroleum ether and kerosene oil which prevent them 
from coming in contact with air and moisture. 


Action of hydrogen — All alkali metals on heating with hydrogen form ionic hydrides of the general 
formula M' Н”. The reactivity of alkali metals towards hydrogen decreases down the group from Li to 
Cs due to the reason that lattice enthalpies and hence the stability of these hydrides decreases down 
the group as the size of the metal cation increases, i.e., stability decreases in the order: 


LiH » NaH » KH » RbH » CsH 


Action of halogens — Alkali metals combine directly with halogens to form metal halides (MX). With the 
exception of lithium halides, all other alkali metal halides are ionic. 


The reactivity of alkali metals towards a particular halogen increases in the order. Li « Na « K « Rb « Cs 
while that of halogens towards a particular alkali metal decreases in the order: F, > Cl, > Br, >. 


(a) Solubility of alkali metal halides. With the exception of LiF, all other lithium halides are 
covalent. Being covalent, LiCl, LiBr and Lil are insoluble in water but are soluble in organic 
solvents like pyridine, benzene, alcohols and ethers. 


(b) Melting points and boiling points. 


(i) | For the same alkali metal, the melting points decrease in the order: fluorides > 
chlorides » bromides » iodides due to a corresponding decrease in their lattice 
enthalpies. Thus, the m.p. of sodium halides decrease in the order : NaF (1261 K) > 
NaCl (1084 K) > NaBr (1028 K) > Nal (944 К). 


(ii) For the same halide ion, lithium halides being covalent have lower melting points 
than their corresponding sodium halides. Thereafter, the melting points decrease 
due to a corresponding decrease in lattice enthalpies as the size of the metal 
increases. Thus, the m.p. of alkali metal chlorides decrease in the order : NaCl (1084 
K) > KCI (1039 K) > RbCl (988 K) > CsCl (925 K) > LiCl (887 К). 
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Solubility in liquid ammonia — All the alkali metals dissolve in liquid ammonia to give blue solutions 
due to the presence of ammoniated (solvated) electrons in the solution. 


M + (x+y) NH, ——— М" (№Н,), +e (NH), 


When ordinary light falls on these ammoniated electrons, they get excited to higher energy levels by 
absorbing energy corresponding to red region of visible light. As a result, transmitted light is blue 
which imparts blue colour to the solution. 


Dilute solutions of alkali metals in liquid ammonia are dark blue in colour but as the concentration 
increases above 3M, the colour changes to copper bronze and solution acquires metallic lustre due to 
formation of metal ion clusters. 


Blue coloured solutions are paramagnetic due to presence of large unpaired electrons but bronze 
solutions are diamagnetic due to formation of metal ion clusters. These solutions behave as strong 
reducing agents. 


Salts of oxo-acids — Oxo acids are those in which the acidic proton is a hydroxyl group with an oxo 
group attached to the same ex-carbonic acid (H,CO,). The alkali metals form salts with all oxo acids. 
They are generally soluble in water and thermally stable. 


Their carbonates and in most cases their hydrogen carbonates are (M,CO, & MHCO,) are stable to 
heat. 


Stability of carbonates. The stability of carbonates towards heat increases down the group as the basic 
character of the alkali metal hydroxides increases down the group. Li,CO, is, however, less stable and 
decomposes on heating 


Li,CO, ++Li,0 + CO, 


Lithium differs from other alkali metals because of its (i) small size, (ii) high polarizing power, (ii) high 
ionization enthalpy and (iv) absence of d-orbitals in the valence shell. 


Lithium forms bicarbonate in solution while all other alkali metals form solid bicarbonates. All the 
bicarbonates on gentle heating undergo decomposition to form carbonates with the evolution of CO, 


2 МНСО, —“—-» M,CO, + CO, + H,O 
All the carbonates and bicarbonates are soluble in water and their solubility increases down the group. 
Lithium differs from other alkali metals 

(i) Liis hard. Its m.p. and b.p. are higher 

(ii) Liis least reactive but the strongest reducing agent 
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iii) LiClis deliquescent and crystallises as a hydrate 


( 
(iv) | LiHCO, is not obtained in the solid form while all other elements form solid bicarbonates 
(у) Lidoes not form ethynide on reaction with ethyne. 
(vi) LiNO,when heated gives Li,O white others decompose to give the corresponding nitrite 
2 NaNO, ———> 2NaNO, + 0, 
4LiNO, ———> 2Li,0+4NO,+0, 


Lithium shows diagonal relationship with magnesium mainly due to the similarity in sizes of their 
atoms and ions. 


1.  Bothreactwith nitrogen to form ionic nitride 
6Li+N, —*>2Li,N ; 3Mg« №, ——*——> Mg.N, 


2. Carbonates of these metals decompose on heating to the corresponding oxide with the evolution 


of CO,. 

Li CO, —— LiO«CO,  ; MgC0, ———*——+ M90 + CO, 
3. . Hydroxides of both Li and Mg decompose on heating 

2LiOH ———LiO«H,0  ; Mg(OH), ——“——> М00 +H,0 


4. Both Шапа magnesium nitrates decompose on heating to produce NO, 
4LiNO, ————*—- 2Li,0 « 4NO, 4 0, 
2 Mg(NO,), ———> 2Mg0 + 4NO, +0, 


5.  LiCl and MgCl, are deliquescent and crystallise from aqueous solution as hydrates, LiCI.2H,0 
and Mg Cl,.6H,0. 


Extraction of alkali metals 


Alkali metals cannot be isolated by electrolysis of aqueous solution of their salts since hydrogen is 
liberated at the cathode instead of alkali metal because the standard electrode potentials of alkali 
metals are much lower (Li = -3.04 V, Na = -2.71 V) than that of H,O (-0.82 V). As a result, H, is produced 
in preference to alkali metals. 


Compounds of Sodium 


Sodium carbonate (washing soda), Na,CO,.10H,0 is prepared by Solvay ammonia process. In this 
process, CO, is passed through brine (sodium chloride) solution saturated with ammonia, when 
sodium bicarbonate being sparingly soluble separates out. It is filtered and then ignited to get sodium 
carbonate (called soda ash). 
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NaCl + H,O + CO, + NH, ———> NaHCO, + NH,CI 
2 NaHCO, — > Na,CO, + CO, + Н,0 


Potassium carbonate cannot be prepared by this process because KHCO, is fairly soluble in water. As a 
result, when CO, is passed through ammoniated brine, KHCO, does not separate out. 


Baking soda is NaHCO, and is obtained by saturating a solution of Na,CO, with CO, when NaHCO, being 
less soluble separates out. 


Na,CO, + CO, + H,O ———» 2NaHCO, 
Sodium chloride, NaCl 


The most abundant source of sodium chloride is sea water which contains 2.7 to 2.9 % by mass of the 
salt. 


Crude NaCl is generally obtained by crystallisation of brine solution. NaCl melts at 1081 K. It has a 
solubility of 36.0 g in 100 g of water at 273 K. It is used as a common salt for domestic purpose, for 
preparation of №а,О,, NaOH and Na,CO.. 


Sodium hydroxide (Caustic soda) NaOH is prepared by the electrolysis of NaCl by Castner — Kellner 
cell. Arine solution is electrolyzed using a mercury cathode and a carbon anode 


Cathode Na' +e ———> Hg.Na-amalgam 
Anode СГ ——> 1^ Cl, e 
2 Na-amalgam +2H,0 t——» 2Na0H +2Hg + 2H, 


It is a while translucent solid, melts at 591K. It is readily soluble in water to give a strong alkaline 
solution. 


Itis used in manufacture of soap, paper, artificial silk and a number of chemicals, in petroleum refining, 
in purification of bauxite, in textile industry in preparation of pure fats and oils and as laboratory 
reagent. 


Sodium hydrogen carbonate (Baking Soda) NaHCO, 


It is known as baking soda as it decomposes on heating to generate bubbles of CO, leaving holes in 
cakes or pastries and make them light and fluffy. 


Itis made by saturating a solution of Na,CO, with CO,. The white powder of NaHCO, being less soluble 
separates out. 


Na,CO,+H,0+CO, ——— 2 NaHCO, 
Itis used as a mild antiseptic for skin infection and is used in fire extinguishes. 
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Alkaline Earth Metals (Group 2 Elements) 


Members of the group. Group 2 of the periodic table consists of six elements : beryllium (Be), 
magnesium (Mg), calcium (Ca), strontium (Sr) and radium (Ra). Radium is, however, radioactive. 
These elements are also called alkaline earth elements because the oxides of Mg, Ca, Sr and Ba are 
found in earth's crust and are alkaline in mixture. 


General electronic configuration. The general electronic configuration of alkaline earth metals is 
[noble gas] ns! where n=2-7. 


Atomic and ionic radii. The first and second ionization enthalpies of alkaline earth metals are fairly low; 
the second ionization enthalpy (A^H,) being almost double of the first ionization enthalpy (AH,). 


Element IE1 (KJ mol) IE2 (KJmol ") 
Na (group 1) 496 4562 
Mg (group 2) 737 1450 


The second electron in case of alkali metals (e.g. Na) is to be removed from a cation (unipositive ion) 
which has already acquired the stable noble gas configuration whereas in case of alkaline earth metals 
(e.g. Mg), the second electron is to be removed from a cation (unipositive ion) which is yet to acquire 
the stable noble gas configuration. Therefore, removal of second electron in case of alkaline earth 
metals requires much less energy than that in case of alkali metals. 


Hydration enthalpy. Like alkali metal ions the hydration enthalpies of alkaline earth metal ions decrease 
as the size of metal ion increases down the group ie. Be” > Mg” > Ca” > Sr” > Ba”. Due to smaller size 
of alkaline earth metal ions, the hydration enthalpies of alkaline earth metal ions are larger than alkali 
metal ions. 


The compounds of alkaline earth metal ions are more extensively hydrated than those of alkali metal 
ions. MgCl, exists as Mg СІ,. 6H,0. 


Oxidation state. All alkaline earth metals uniformly show an oxidation state of +2 both in the solid state 
or in the aqueous solutions. In the solid state, the greater lattice enthalpy of the M” ions (relative to М" 
ions) more than compensates the higher second ionization enthalpy while in the aqueous solution, it is 
the greater hydration enthalpy of the М? ions (relative to M’ ions) which more than compensates the 
higher second ionization enthalpy. 


Electropositive character. Alkaline earth metals are strongly electropositive since they have a strong 
tendency to lose both the valence electrons to form M" ions having noble gas configuration. However 
due to small size and higher ionization enthalpies (ДН,, ДН,) they are less electropositive than alkali 
metals. Further, the electropositive character increases down the group (i.e., Be < Mg « Ca < Sr < Ba) as 
the ionization enthalpies decrease. 
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Melting and boiling points. The melting points and boiling points of alkaline earth metals are low but 
higher than those of alkali metals. However, down the group, the melting points and boiling points do 
not show any regular trend. 


Density. The alkaline earth metals are denser than the alkali metals due to smaller size and better 
packing of the atoms in the crystal lattice. 


Nature of bonds formed. They form ionic compounds because they have low ionization enthalpy. Their 
compounds are less ionic because their ionization enthalpies are higher than those of corresponding 
alkali metals. Be forms covalent compounds because of its small size and high ionization enthalpy. 


Flame colouration. Like alkali metal salts, alkaline earth metals and their salts also impart a 
characteristic colour to the flame. 


Calcium Strontium Barium Radium 
Brick red Crimson Apple green Crimson 


Be and Mg being smaller in size, their electrons are strongly held by the nucleus. As a result, they need 
huge amounts of energy for excitation of electrons to higher energy levels which is not available in the 
Bunsen flame. So they do not impart any colour to the flame. 

Reducing character. The reducing character of alkaline earth metals increases down the group as the 
ionization enthalpy of the metals decreases or the electrode potential becomes more and more 
negative down the group. 

Chemical Reactivity. Since ionization enthalpies of alkaline earth metals are higher and their 
corresponding alkali metals, so alkaline earth metals are less reactive than alkali metals. 


Since ionization enthalpies of alkaline earth metals are higher and their electrode potentials are less 
negative than the corresponding alkali metals so alkaline earth metals are weaker reducing agents than 
alkali metals. 


Action of air. Alkaline earth metals on heating in air form a mixture of oxides and nitrides. 
2M+0, ———2MO ; ЗМ +N, ———*—> 3M.N, 


Action of water. The reactivity of alkaline earth metals towards water increases down the group from 
Mg to Ba, i.e., Mg < Ca « Sr « Ba. Be does not react with hot water or even steam, Mg reacts with hot 
water but Ca, Sr and Ba react vigorously even with cold water evolving H, gas. 


M+2H,0 ——— 2M(0H), +H, where M = Mg, Ca, Sr or Ba 


Be(OH),is amphoteric while all other alkaline earth metal hydroxides are basic in nature; their solubility 
in water and basicity increases down the group from Mg(OH), to Ba(OH),. 
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Action of hydrogen. All the alkaline earth metals except Be combine with hydrogen directly on heating 
to form metal hydrides, MH,. The stabilities of these hydrides decreases down the group from Be to Ba 
because their lattice enthalpies decrease down the group as the size of the metal cation increases. Both 
BeH, and MgH, are covalent, electron deficient molecules. They have polymeric structures involving 
hydrogen bridges while all other hydrides (CaH,, SrH, and BaH,) are ionic and liberate H, on treatment 
with Н,О. 


BeCl,+LiAIH, ———» 2BeH,+LiCl+AICl, 


Action of halogens. When heated with halogens (F,, Cl,, Br, and 1,). All alkaline earth metals form 
halides of the general formula, MX,. 


(i) | Due to small size and high polarizing power of Ве“ ions, beryllium halides are covalent, 
soluble in organic solvents, hygroscopic and fume in air due to hydrolysis. The halides of 
other alkaline earth metals are fairly ionic and their ionic character increases as the size of 
the metal increases. 


(ii) | Being electron deficient, Весі, has a polymeric structure (with chlorine bridges) in the 
solid state but exists as a dimer in the vapour state and as amonomer at 1200 K. 


(iii) BeF, is very soluble in water due to the high hydration enthalpy of Be" ions. The fluorides 
of other alkaline earth metals are insoluble in water. 


Formation of sulphates. Alkaline earth metals form sulphates of the type MSO,. These are formed by 
action of H,SO, on corresponding oxides, hydroxides or carbonates. 


(i) Тһе solubility of sulphates in water decreases down the group from Be to Ba. This is 
mainly due to the reason that as the size of the cation increases, the enthalpy of hydration 
decreases while the lattice enthalpy remains about the same. Thus, BeSO, and MgSO, are 
highly soluble, CaSO, is sparingly soluble while the sulphates of Sr, Ba and Ra are virtually 
insoluble. 


(ii) ^ These sulphates decompose on heating forming the corresponding oxides and SO,. The 
temperature of decomposition of these sulphates, however, increases as the 
electropositive character of the metal or the basicity of the metal hydroxide increases 
down the group. 


M,S0, —“—> М№,0 +0, 
Nitrates 
Thenitrates are made by dissolution of the carbonates in dilute nitric acid. 
All of them decompose on heating to give the oxide like lithium nitrate. 
2M (NO,), ——» 2M0 + 4NO, +0, 
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Solutions in liquid ammonia 


They dessolve is liquid ammonia to give deep blue black solutions forming ammoniated Cations and 
ammoniated electrons. 


M + (x+y) NH, —— [M(NH,),]* +2 [e (№Н,), | 


Carbonates and bicarbonates. 


i. The bicarbonates of the alkaline earth metals do not exist in the solid state but are known 
only in solution. On heating, these bicarbonates decompose forming carbonates with the 
evolution of CO,. 


ii. The solubilities ofthe carbonates decrease as we move down the group from Be to Ba, i.e., 
BeCO, » MgCO, » CaCO, » SrCO, » BaCO,. This is mainly due to the reason that as the size 
of the cation increases, the lattice enthalpy of their carbonates remains almost unchanged 
(like that of sulphates) butthe enthalpies of hydration of the cations decrease. 


iii. Тһе carbonates of all alkaline earth metals decompose on heating to form the 
corresponding metal oxide and CO,. The temperature of decomposition of these 
carbonates, however, increases down the group as the electropositive character of the 
metal or the basicity of metal hydroxide increases from Be(OH), to Ba(OH),. 


Beryllium differs from rest of the elements of its family because of (i) exceptionally small atomic and 
ionic size, (ii) high ionization enthalpy and (iii) absence of d-orbitals in its valence shell. 


Beryllium shows diagonal relationship with aluminium because both these elements have same 
electronegativity and same polarizing power. 


1. Both BeCl, and AICI, act as strong Lewis acids and are used as Friedel crafts catalysts. 
2. Both BeCl, and AICI, have chlorine bridged structures in the vapour phase. 
Cl 


C Cl Cl 
к Sect ре БА 
"d E К” 


Cl 


3. | Both the metals dissolve in strong alkalies to from soluble complexes : beryllates 
[Be(OH),]* and aluminates [Al(OH), ] 


4. The oxides and hydroxides of both Be and Al are amphoteric and dissolve in sodium 
hydroxide solution as well as in hydrochloric acid. 
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BeO +2 HCI —— BeCl,+H,0;BeO0+2Na0H ———> Na,BeO, + Н,0 
sod. berrylate 


ALO, +6 НО —» 2AICI, + H,0 ; ALO, +2 NaOH ——» 2 NaAIO, + H,O 


Compounds of Ca 
Calcium oxide (СаО) 


Calcium oxide (CaO) is also called quick lime. It is obtained when limestone is heated to 1070-2070 K. 
On adding water, quick lime gives a hissing sound and forms calcium hydroxide known as slaked lime 
while the filtered and clear solution is called lime water. Chemically both are calcium hydroxide. 


CaCO, ——*—> Ca0 «CO, 


Reactions of Ca0 
Ca0 +510, ———5—— CaSi0, 
calcium silicate 

Саб + H,O ——> Ca(OH), 

slaked lime 
Саб + СО, ——> CaCO, 

calcium carbonate 
Саб +2 HCI —> CaCl, + Н,0 


The suspension of slaked lime in water is called milk of lime while the filtered and clear solution is 
known as lime water. 


Reactions of Ca(OH), 
1. Ca(OH), — —, Ca0+H,0 


2. 2Ca(OH),+2Cl, ——» CaCl,+Ca(OCl),+2H,0 


3. When carbon dioxide is passed through lime water, it turns lime water, milky due to the 
formation of insoluble carbonate. 


Ca(OH), + CO, — CaCO, | +H,0 
(milkiness) 


On passing excess of CO,, the precipitate of calcum carbonate dissolve to form soluble calcium 
bicarbonate and hence milkiness disappears. 
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CaCO, + CO, + H,O ——> Ca(HCO,), 


If this clear solution of calcium bicarbonate is heated, the solution again turns milky due to the 
decomposition of calcium bicarbonate back to calcium carbonate. 


Ca(HCO,), ———2——> CaC0,4 « CO, 4 HO 
4. Ca(OH), +2HCI———> CaCl, + HO 
5.  Ca(0H),* S0, ———» CaS0,+H,0 


Plaster of Paris is CaSO,.1/2 H,O. It is prepared by heating gypsum to 393 K. On mixing with 1/3 of its 
weight of water, it sets into a hard mass of gypsum (CaSO,.2H,0) with slight expansion (1%) in 
volume. it is used for making casts for statues and busts, as decorative material and in dentistry. It is 
also used in surgical bandages used for plastering broken or fractured bones of the body and for 
making black board chalks. When heated above 393 K, it loses its water of crystallization and forms 
anhydrous calcium sulphate. It is called dead burnt plaster since it loses the property of setting with 
water. 


2 CaSO,. 2H,0 —28 + 20380, %H,0 + 3 H,0 

gypsum plaster of Paris 

2 CaSO,. %H,O0 ————>2% 5 2¢aS0,+H,0 

Plaster of paris Anhyd. calcium sulphate 
[Dead burnt plaster] 


Cement is essentially a finely powdered mixture of calcium silicates and aluminates along with small 
quantities of gypsum which sets into a hard stone like mass when treated with water. The average 
composition of Portland cementis: 

CaO = 50-60%, MgO = 2-3%, SiO, = 20-25%, Fe,0, = 1-2%, Al,0, = 5-10% and 50, = 1-2% 

The important constituents present in Portland cement are dicalcium silicate (Са,510,) = 26%, 
tricalcium silicate (Ca,Si0,) = 51% and tricalcium aluminate Ca,Al,0,= 11%. 

When water is added to cement, an exothermic reaction occurs. During this process, cement reacts 


with water to form a gelatinous mass which slowly sets into a hard mass having three-dimensional 
network structure involving -Si - O - Sl - and - Si - O- AI – chains. 


Biological importance of S-block elements 


A typical 70 Kg contains 90g of Na and 170g of K. Na’ ions are found in blood plasma, they participate 
in transmission of nerve signals. The K* ions are the most abundant cations within cell fluids, they 
activate many enzymes, participate in oxidation of glucose to produce ATP. 
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ANa-K pump operates across the cell membrane. 


An adult body contains about 25 g of Mg and 1200 g of Ca about 99% of body calcium is present in 
bones and teeth. It also plays an important roles in neuromuscular function inter neuronal 
transmission, cell membrane integrity and blood coagulation. 


Solved Problems 


1. 
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Among the following alkali metals, the correct order of increasing atomic radius is 

1 Sr<Ca<Ba<Ra 

2) Sr«Ca«Ra«Ba 

3)  Ca«Ba«Sr«Ra 

4) Ca<Sr<Ba<Ra 

Answer: З 

Hint : The size increases as one moves down the group due to addition of additional shell of 
electrons. 

What is the best description of the change that occurs when Na,0 is dissolved in water? 
1) Oxide ion donates a pair of electrons 

2) Oxidation number of oxygen increases 

3) Oxidation number of sodium decreases 

4)  Oxideion accepts sharing ina pair of electrons 


Answer: 1 


The product obtained on heating LiNO, will be: 


1  LiN+0, 

2) Li,0+N0+0, 
3) МО, +0, 

4)  LijO«NO,«O, 
Answer :4 


Hints : lithium nitrate, on heating, gives lithium oxide and nitrogen dioxide whereas the other 
alkali metal nitrates decompose to give the corresponding nitrite and oxygen. 


4LiNO, —> 211,0 + 4NO,+0, 
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The hydration energies of Group Il ions decreases as one goes down in the group from Be” to 
Ba” Hence 


1) the solubilities of their sulphates, hydroxides and fluorides decrease on descending the 
group 


2) the solubilities of the their sulphates and hydroxides decrease, while that of fluorides 
increase, on descending the group 


3) the solubilities of their sulphates decrease, while that of hydroxides and fluorides 
increase, on descending the group 


4) the solubilities of their sulphates and fluorides decrease, while that of hydroxides 
increase, on descending the group 


Answer: З 


Hints : The magnitude of lattice enthalpy remains almost constant as the sulphate ion is so big in 
size that small increase in the size of cations from Be to Ba does not make any difference. Hence 
solubilties of sulphates of alkaline earth metals decrease down the group mainly due to decrease 
in hydration enthalpy. 


Due to smaller size of OH and F ion, the solubility of hydroxides and fluorides increases down 
the group due to larger decrease in their lattice enthalpies as compared to hydration enthalpies. 


Practice Questions 


1. 


The sequence of ionic mobility in aqueous solution is 


a) Rb’>K*>Cs*>Na’* b Na*>K*>Rb*>Cs* 

c) K*>Na*>Rb*>Cs’* d) Cs*>Rb*>K*>Na* 
Alkali metals have negative reduction potential and hence they behave as 
a) oxidizing agents b) Lewis bases 

C) reducing agents d) electrolytes 


Which ofthe following statements is false regarding alkali metals? 
a) Alkali metals are softand can be cut with the help of knife 


b Alkali metals do not occur in free state in nature 


о 


) 
) Alkali metals are highly electropositive 
d) 


Alkali metal hydrides are covalent in character 
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4. Inthe Solvay process of manufacture of sodium carbonate, the by-product is 


a) МН,СІ b) NaHCO, 
c) CaCl, d) CO, 
5.  Thesetrepresenting the correct order of ionic radii is 
a)  Na»Li'» Mg^» Be* b) > Ма"> Мо > Ве“ 
c) Мог > Ве*> > Ма" d) Li'»Be*»Na'»Mg* 
6. Which pair of the following chlorides do not impart colour to the flame? 
a)  BeCl, and Sr Cl, b) BeCl,and MgCl, 
c) CaCl, and BaCl, d)  BaCl,andSrCl, 
7. . Which ofthe following oxides is most acidic in nature? 
a)  BeO b) MgO 
c) Саб d) Вао 


8.  Thesolubility in water of sulphates down the Be group is : Be > Mg > Ca > Sr > Ba. This is due to 


a)  increasein melting point b) 
C) decreasing lattice energy d) 
9. Choose the incorrect statement in the following: 


a)  BeOisalmostinsoluble but BeSO, is soluble in water. 
b)  BaOissoluble but BaSO, is insoluble in water. 

c)  Lilismoresolublethan Kl in ethanol 

d) Both Li and Mg from solid hydrogen carbonates. 


10. Which of the following is the weakest base? 


a) Ca(OH), b) KOH 

c) ШОН d) Sr(OH), 
Answers 

1 d 2 C 3 d 

9. а 6. b 7 а 

9. d 10. c 
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UNIT - 11 
SOME P-BLOCK ELEMENTS 


Learning Outcomes 
The learners will be enabled їо: 
1.  Inferthegeneraltrends inthe chemistry of P-block elements. 
Explain the trends in physical and chemical properties of group 13 and 14 elements. 
Discuss the anomalous properties of Boron and carbon. 
Explain the allotropic forms of carbon. 


Or ee uoo ГӘ 


Inferthe chemistry of some important compounds of boron, carbon and silicon. 


GENERAL PRINCIPLES OF INORGANIC CHEMISTRY 
Trends in the Periodic Table 


Shells upto (n-1) are completely filled and differentiating electron (last filling electron) enters into np 
sub-orbits-elements constitute what we call p-block elements. 


1. General electronic configuration is пѕпр' (n varies from 2 to 7) 
P, q, r 





= SEC 


п sn „> |] 
[mA m 


X, y, 7 (upto group 14) 


(44 “0 *N 101 1de2xo 











Where ... 

х: covalent/van der Waals’ radius 

y : metallic character 

z : heatof sublimation 

р: electronegativity 

q : ionization energy (N » O, P» S) 

r: oxidizing power 

s : Stability of higher oxidation state within a group. 
It: stability of lower oxidation state within a group. 
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2. Trends in Properties of p-Block Elements in the direction of arrow 


The highest oxidation state = (group number — 10) Stability of this oxidation state (0.S.) 
decreases and that of [(0.5.) — 2] state increases as we move down the group — a case of inert 
pair effect. 


Oxidation states 


On descending the group, a lower oxidation state which is two units less than the highest 
oxidation state becomes more stable in group 13 to 16. This trend is due to inert pair effect. For 
example, the highest oxidation state for the elements of group 13 is +3. However, in addition to + 
3 oxidation state, these elements also show + 1 oxidation state which becomes more stable than 
+ 3. Similarly, for group 14, the group oxidation state is + 4, but + 2 oxidation state becomes 
more stable on going down the group. For example, the last element, lead + 2 oxidation state is 
more stable than + 4 oxidation state. Similarly, thallium, +1 Oxidation State is more stable than 
+3. 


This trend of occurrence of oxidation state two units less than the group oxidation state is called 
inert pair effect and becomes more and more prominent as we move down the group. 


The common oxidation states displayed by the p-block elements are given in Table 1. 
Table 1. Common oxidation states of p-block elements 


General electronic ns'np' ns'np? ns'np? ns'np' ns'np? 
configuration 





Group oxidation state +3 +4 +5 +6 


Various oxidation 
states +5 to -3 
P, As Cl, Br, | 
+3, +5, -3 -1, +1, +3 
+5, +7 


Ga, In, TI Sb, Bi 
+3, +1 +3, +5 
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Metallic and non-metallic character 


The p-block contains metallic and non-metallic elements. It is very interesting to note that the 
non-metals and metalloids exist only in the p-block of the periodic table. The non-metallic 
character increases along a period but decreases down a group. In fact the heaviest element in 
each p-block group is the most metallic in nature. Therefore, the elements with most metallic 
character are located mostly in the lower left portion while those with most non-metallic 
character are present at the top right portion of the periodic table. In between these, there are 
some elements which show characteristics of both metals and non-metals and are called 
metalloids. The common metalloids in p-block elements are B, Al, Si, Ge, As, Sb, Te, Po, At. This 
change from non-metallic to metallic brings significant diversity in the chemistry of these 
elements. 


In general, non-metals have higher ionization enthalpies and higher electronegativities than 
metals. Therefore, in contrast to metals which readily form cations, non-metals readily form 
anions. The compounds formed by combination of highly reactive non-metals, with highly 
reactive metals are generally ionic in nature because of large differences in their 
electronegativities. On the other hand, compounds formed between non-metals themselves are 
largely covalent in character because of small differences in their electronegativities. It can be 
understood in terms of their oxides. The oxides of non-metals are acidic or neutral whereas 
oxides of metals are basic in nature. The oxides of metalloids are amphoteric. Further more, the 
more electropositive the metal, the more basic is it and the more electronegative the non-metal, 
the more acidic is its oxide. Therefore, in p-block elements, acidic character of the oxides 
increases or basic character decreases along a period. Similarly, the basic character of the 
oxides increases or acidic character decreases down the group. 


Differences in behavior of first element of each group 


The first member of each group of p-block differs in many respects from its succeeding members 
(called congeners) of their respective groups. For example, boron shows anomalous behaviour as 
compared to rest of the members of the 13 group elements. The main reasons for the different 
behaviour ofthe first member as compared to other members is because of 


(i) | smallsize ofthe atom and its ion 
(ii) high electronegativity and 
(iii) absence of d-orbitals in their valence shell 


These factors have significant effect on the chemistry of first element as compared to other 
elements (specially second). For example 
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(a) 


(b) 


(c) 


Covalence upto four. First member of each group belongs to second period elements and 
have only four valence orbitals i.e., one 2s and three 2p orbitals available for taking part in 
chemical combinations. They do not have vacant d-orbitals in their valence shell. 
Therefore, they may have maximum covalence of four (using one 2s and three 2p 
orbitals). In contrast, the next members belonging to third or higher periods have vacant 
d-orbitals. For example, the elements of third period of p-block with the electronic 
configuration 35° 3p'? has vacant 3d-orbitals lying between Зр and 4s levels of energy. 
Therefore, they can easily expand their octets and can show covalence above four. For 
example, 


(i) ^ Boron forms only BF, (coordination number four) whereas aluminium forms AIF," 
(coordination number six). 


(ii) | Carbon can form only tetrahalides (CX,, X = F, Cl, Br, |) whereas other members can 
form hexahalides, 


SF, 911, etc. 


(iii) Nitrogen forms only NF, (upto octet) while phosphorus forms pentahalides, PF., 
PCI., etc. 


(iv) Fluorine does not form FCI, (more than octet) while chlorine forms CIF, (extends 
octet). 


Reactivity. Due to availability of d-orbitals of elements of third period, they are more 
reactive than elements of second period which do not have d-orbitals. For example, 
tetrahalides of carbon are not hydrolysed by water whereas tetrahalides of other elements 
of group 14 are readily hydrolysed. 


The hydrolysis involves the nucleophilic attack of water molecule. 


Tendency to form multiple bonds. Because of the combined effect of smaller size and 
nonavailability of d-orbitals, the first member of each group shows tendency to form p m— 
p m multiple bonds either with itself (such as C = C, C = C, N = N, O = 0). or with other 
members of the second period of elements (such C = 0, C = N, № = 0, etc). The other 
members of the group do not have strong tendency to form л — bonding. The heavier 
elements do form rt — bonding but they involve d-orbitals and form d л-р х or d n-d л 
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bonding. For example, the bonds between sulphur and oxygen in oxides of sulphur (SO, 
and SO,) are much shorter, than might be expected for a single bond. In these molecules, 
in addition to normal rt bond, a rt bond is also formed by the sidewise overlap of a filled 2p- 
orbital of oxygen with a vacant 3d-orbital on the sulphur). This is called p rc — d rt bond and 
results in bringing the two atoms closer and thus accounts for shorter bond length of S—O 


bond. 
NA) 


Vacant d-orbital Filled 2p-orbital 


Because the d-orbitals are of higher energy than p-orbitals, they contribute less to the 
overall Stablity of molecules than does the p rt – p m bonding of second row elements. 
However, the coordination number in species of heavier elements may be higher in those 
of first element in the same oxidation state. For example, both nitrogen and phosphorus 
form ions in + 5 oxidation state as NO, (three coordination with bonding using one p- 
orbital of N) ; PO,” (having four coordination using s, p and d orbitals contributing to the rc 
— bonding). 


The first member of 13 group (boron) shows diagonal relationship with silicon (of group 
14). 
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Group 13 and Group 14 
Group 13 


(elements) B, Al, Ga, In and TI, 


The elements belonging to groups 13 to 18 belong to p-block and have the general configuration ns” 
пр". 


Band Al have noble gas core, Ga and In have noble gas plus 10 d-electrons and TI has noble gas plus 14 
f-electrons plus 10 d-electrons cores. 
General Trends in Properties 


1. General electronic configuration ns’ np’ 


2.  Atomicradius 
B<Ga<Al<In<Tl 
'Ga' has smaller atomic size due to the poor shielding effect of the inner 3d electrons. 


3. lonization enthalpy (І.Е.) 
B>Tl>Ga>In>Al 
This is due to the poor shielding effect of the inner electrons. 
The order of ionization enthalpies as expected is AH, < AH, < AH,. The sum of these 
ionization enthalpies for each of the elements is very high. 
4. Electro negativity 
B>Tl>In>Ga>Al 
This is because of the discrepencies of their atomic sizes. 
Baron is non metallic in nature. It is extremely hard and black coloured solid. 
Density ofthe elements increases down the group from B to ТІ. 


5. Melting point 
B»Al» TI» In» Ga 


6. Oxidation state : The general oxidation state of the 13" group of elements is 3, but due to 
inert pair effect Tl shows “+1” oxidation state. So, thallous compounds are more stable 
than thallic compounds. 
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The relative stability of + 1 oxidation state progressively increases for heavier elements Al « Ga « In « 
TI. The compounds in + 1 oxidation state as expected from energy consideration are more ionic than 
those of + 3 oxidation state. 


These elements in their trivalent state for electron deficient compounds which act as lewis acid for 
example BCI, accepts lone pair easily from ammonia to form BCI,. NH, while AICI, achieves stability by 
forming a dimer. 


Cl «s Cl <; С! 
0, 0, 
< ior O 


Al 79"( Al 118° 


РЙ im Cl 


In trivalent state most of the compounds being covalent are hydrolysed in water. 


Reactivity towards air 
2E(s) + 30, (0) —2—» 2Е,0, (s) 
The nature of these oxides vary down the group. B,O, is acidic, Al апа Ga oxides are amphoteric and 
those of In and Tl are basic in their properties. 
Reactivity towards acids and alkalies 


B does not react with acids and alkalies. Al dissolves in mineral acids and aqueous alkalies and thus 
shows amphoteric character 


2 Al(s) + 6HCI (q) ——> 2А! (aq) +6 CF (aq) + 3H,(g) 
2Al(s) + 2NaOH(aq) + 6 H,O(I) ———» 2Na' [Al (OH),] + ЗН,(0) 


Reactivity towards Halogens 
These elements react with halogens to form trihalides (except TII.) 
2E(s)  3X,(g) ——» 2E X,(s) (X =F, CI, Br, I) 


Important trends and anomalous properties of boron 


e The trichlorides, bromides and lodides of all these elements being covalent in nature are 
hydrolysed in water. 
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The monomeric trihalides, being electron deficient are strong lewis acids. 


Due to absence of d orbitals, the maximum covalence of B is 4. Since the d orbitals are available 
with Al and other elements, the maximum covalence can be more than 4. 


Boron 

Minerals of boron 

1. Borax (Na,B,0,.10H,0) 

2. Вогісасіа (H,BO,) 

3.  Colemanite (Ca,B,0,,.5H,0) 

4. Кегпіїе (Na,B,0,.2H,0) 

Preparation of Boron 

1. By thermal decomposition of boron hydrides 


Boron сап be prepared by the thermal decomposition of its hydrides such as diborane (B,H,) 
B,H, St» В + ЗН, 

Conversion of borax into boron trioxide 

Borax is treated with hot and concentrated hydrochloric acid to convert it first into boric acid. 
Na,B,O, + 2HCI ——» 2NaCl +H,B,0, 

H,B,0, + 5Н,0 ——> 4H,BO, 

B,0, + 3Mg ——» 2B +3MgO 


General properties of Boron 

i) | 2B430, ——> B,0, (with air) 

ii) В+ЗНМО, —2—» H,BO, + 3NO, 
iii) © 2B+6KOH—— 2K,BO, « 3H, 


Hydrides of Boron 
Diborane B,H, 
Preparation of B,H, 
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i) 2МаВн, +1, ——* B,H,+2Nal+H, 
ii) ^ 4BCl, + 3LIAIH, ——» 2В,Н, + 3AICI, + 3LiCI 
Properties of diborane 
i) It burns in oxygen and air to form В,О, with the evolution of heat. 
В,Н, + 30, —— B,0,+3H,0; AH - 2008 kJ mor" 
This is why diborane is used as a rocket fuel. 
ii)  Ithydrolyses in water to form boric acid. 
В,Н, + 6H,0 ——» 2H,BO, + 6H, 
Boric acid 
iii) | Diborane reacts with ammonia at 450 K to form borazine. 
3B,H,+6NH, ———* > 3B,N.H, 
Borazine (inorganic benzene) 


Borazine has the following structure which is similar to that of benzene. Hence, borazine is also 
referred to as inorganic benzene. It is isoelectronic to benzene. 


i | 
= CE "Ya 
> 


Structure of diborane 


H T SOS (Н)= Bridging hydrogen 


97° ( В Н = Terminal hydrogen 


Bi. 2 
"d e B-B distance - 178 pm 
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В,Н, іѕ a non-polar molecule in which each B atom is sp? hybridized. B,H, has four normal B-H covalent 
bonds, i.e., two-centre two-electron (2c — 2e) bonds which lie in the same plane and two bridge bonds, 
В....Н.....В, i.e., three-centre two electron bonds (Зс – 2e) or banana bonds which lie above and below 
the plane ofthe four B-H bonds. 


Boron Halides 


° Bl,>BBr,>BCl,>BF, Acidic character 


This is due to p n – p n back bonding which decreases the electron deficiency of the B atom. 
Since this tendency is maximum for F to |, therefore, BI, is the strongest and BF, is the weakest 
Lewis acid. 


E Although both B and Al trihalides act as Lewis acids but only aluminium trihalides (i.e., Al,Cl,) 
exist as dimers. This is due to the reason that boron atom is so small that it cannot accommodate 
four large sized halogen (except F) atoms around it. 


e Boron also forms a series of hydridoborates the most important one is the tetrahedral [BH,] ion. 
Tetra hydridoborates of several metals are known Li and Na tetrahydridoborates also known as 
borohydrides are prepared by the reaction of metal hydrides with В,Н, in diethyl ether. 


2MH + B,H, ——> 2M' [Bh,] (M= Li or Na) 
Both LiBH, and NaBH, are used as reducing agents in organic synthesis. 


Boric Acid 
° Preparation 
1.  Fromborax 
№а,В,О, + 2НС1+ 5Н,0 ж» 2М№аСІ + 4H,BO, 
2.  Fromcolemanite 
Ca,B,0,,+250,+9H,O t——» 2CaSO,+6H,BO, 
° Boric acid (H,BO,) contains triangular BO,” ions in which boron is sp^-hybridized. In solid state, 
B(OH), molecules are H-bonded to form a two-dimensional sheet. It is a weak monobasic acid. 
It does not act as a protonic acid but acts as a Lewis acid by accepting a pair of electrons from 
OH ion of water thereby releasing a proton. 
gens ш ——-» [B(0H),] +H" 
e Reaction with ethyl alcohol. Orthoboric acid reacts with ethyl alcohol in presence of conc. H,SO, 
їо form triethylborate. 
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B(OH), + 3C,H,OH —99e" 59. , B(0C HJ, +3 H,O 
Orthoboric acid Ethyl alcohol Triethylborate 


The vapours of triethylborate when ignited burn with a green-edged flame. This forms the basis for 
detecting borates and boric acid in qualitative analysis. 


Heating 
HBO, ——9?^ — , НВО, ——1@ |. ,Hpgog, 3C — ,pp, 
Metaboric tetraboric boron 
acid acid trioxide 
Borax (Na,B,0_.10H,0) 


e White crystalline solid 
. Cyclic structure represented as Na,[B,0,(OH),]. 8H,0 
° Aqueous solution is slightly alkaline due to hydrolysis 
Na,B,0, + 29,0 === 2Na0H + H,B,0, 
° On heating borax, it loses water of crystallization and swells into white opaque mass. 


Na,B,0,. 10H,0 —“——> Na,B,0, ———*——> 2NaBO, + В,0, 
anhydrous sodium boric 
borax metaborate anhydride 

Borax bead test 


On heating, borax swells up forming a glassy mass of mixture of NaBO, + B,O,. The glassy mass on 
heating with many transition metal salts form coloured metaborate. 


CuSO,+B,0, ——*—> Cu(B0,), +S0,f 


Group - 14 — Carbon Family 
Some physical constants of group 14 elements. 


Atomic number 6 32 50 
Atomic mass 12.01 28.09 72.60 118.71 207.2 
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Atomic radius (pm) 
lonic radius (pm) 


lonisation enthalpy 
(kJ mol’) 


Electronegativity 


Density (g cm”) 


m.p. (K) 
b.p. (K) 


Electrical resistivity 
(ohm cm at 293 K) 


1086 


2352 
4620 
6220 
2.5 
3.51 
4373 


10 +4 j^ 


1. Atomic Radius -C < Si < Ge < Sn < Pb 
There is a small increase in radius due to presence of completely filled d and f orbitals in heavier 


members. 


40 


756 


1577 
3228 
4354 
1.8 

2.34 
1693 
3350 
50 


SOME P-BLOCK ELEMENTS 





2.  lonizationenergy -C > Ge > Si > Pb» Sn Irregular trend is due to inert pair effect. 


The influence of inner core electrons is present in group 14 also. 


Small decrease in AH from Si to Ge to Sn and slight increase in AH from Sn to Pb is the 
consequence of poor shielding effect of intervening d and f orbitals and increase in size of the 


atom. 


3. Electro negativity- C > Si = Ge» Pb» Sn 


Due to small size the elements, this group elements are slightly more electronegative than group 
13 elements. The electronegativity values for elements from Si to Pb are almost same. 


4.  MeltingPoint - > Si» Ge» Pb >Sn 
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Oxidation state 


The common oxidation states exhibited by these elements are +4 and +2. 

The sum of the first four ionization enthalpies is very high. In heavier members the tendency to show 
+2 oxidation state increases іп the sequence Ge < Sn < Pb. It is due to inability of ns’ electrons of 
valence shell to participate in bonding. 

Reactivity towards oxygen 


All members form oxides of two types monoxide and dioxide (MO and Mo,). Oxides in higher oxidation 
states of elements are generally more acidic than those in lower oxidation states. CO,, SiO, and GeO, 
are acidic, SnO, and PbO, are amphoteric. 


Among monoxides CO is neutral, GeO is distinctly acidic whereas SnO and PbO are amphoteric. 


Reactivity towards water 

C, Si, Ge are not affected by water. Tin decomposes steam to form dioxide and dihydrogen gas. 
Sn+2H,0 —2—» SnO, + 2H, 

Lead is not affected by water. 


Reactivity towards halogen 


They form halides of formula MX, & MX,. MX, are covalent. Stability of dihalides increases down the 
group. Except CCI, other tetrachloride's are easily hydrolysed by water because the central atom can 
accommodate the lone pair of electrons from oxygen atom of water molecule in d orbital. 


1 | | 
. T -HCI - +3H,0 - 3HCI 
Si + О: ——— бі —————. | Si 
п | Sa н “на | Хон oH | Son 
Cl Cl OH 
Allotropes of Carbon 
1. Diamond 


° Three dimensional network of carbon atoms joined through strong covalent bonds. 
. Each C is sp’ hybridised and linked tetrahedrally to four neighbouring C atoms. 
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Hardest substance known 
Very high melting point (3843 K) 
Bad conductor of electricity since all valence electrons are involved in bond formation. 


Transparent and has high refractive index (2.45) 


2. Graphite 


Each carbon atom is sp? hybridised and covalently attached to three neighbouring carbon 
atoms. 


Planar hexagonal rings are formed. 

Theyare held together by weak vanderwaal's forces. 
Sheets can slide over each other 

Soft and has lubricating properties. 


3. Silica (Silicondioxide) 


(a) 


Structure 

° Covalent compound 

° Siis tetrahedrally surrounded by 4 oxygen atoms 

° Each oxygen is shared by two silicon atoms 

° Covalent bonds between Si and O atoms are very strong. 


Physical properties 

° Insoluble in water 

. Does not react with acids 
° High melting point 


Chemical properties 

e  $i0,+2H,-, ж» SiF,+2H,0 

e 510,+4Ма0Н ——> Na,Si0, +2H,0 
e  Si0,« Na,CO, ——* Na,SiO, + CO, 


* Si0,+4Na ———^—» Si+2Na,0 
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e Si0,+2F, ж» SiF,4 O, 
e SiO, + ALO, — —» АІ,(510,), 
e 510,+30 ————» SiC +200 


— Si—0— Si—0— Si— 


0 0 0 


— Si—0— Si—0— Si— 


0 0 0 


шаш ааа 


Structure of silica 
4.  Silicates 


Contain SiO,“ tetrahedral units. 


0- 
0- 
Q0 —> Oxygen 
0 0* + —> Silicon 
0 o- 
2 Plane projection 
0 of silicate ion 


Classification of silicates — Based on the way SiO,” tetrahedral units are linked. 


(а) Orthosilicates — Contain single discrete unit of SiO," unit eg. Zircon ZrSiO, 


(b)  Pyrosilicates — Contain two units of SiO," joined along a corner containing oxygen atom. 
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Pyrosilicate ion is $1,0, 


| | | | 
0 51 51 
" el Eom ge з 
0 0 0 -0 
Cyclic structure — Cyclic or ring silicates have general formula (SiO;"), or (Si0,),™. These 
are formed when two oxygen atoms of each SiO,” tetrahedron are shared with others. 
Structures and examples of cyclic silicates containing SiO,” and Si,0,,” ions are given 
below. 














Beryl Be,Al,Si,0,, : Benitoite BaTiSi,0, 


Chain silicates — If two oxygen atoms per tetrahedron are shared such that a linear single 
strand chain of the general formula (510,2), or (SiO,),” is formed, then the silicates 
containing these anions are called chain silicates. 








Sheet silicates – Three oxygen atoms of a tetrahedral SiO," are shared. 


Three dimensional sheet silicates — These silicates involve all four oxygen atoms in 
sharing with adjacent SiO,” tetrahedral. Since, all the oxygen atoms are shared, the 
silicates are neutral. The common examples are quartz, tridymite and cristobalite (forms 
of silica). 


5. Silicones 


Silicones are synthetic organosilicone polymers containing repeated R,SiO units held by Si-O-Si 
bonds. These are prepared by hydrolysis of alkyl or aryl substituted chlorosilanes and their 
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subsequent polymerization. For example, hydrolysis of dichlorodimethylsilane followed by 
polymerization yields straight chain silicone polymer. The chain length of these polymers, can, 
however, be controlled by adding (CH,),SiCI which blocks the ends. Silicone polymers are stable 
towards heat and are chemically inert and are good insulators. Therefore, they are used for making 
water proof papers, wool, textiles, wood, etc. They are also used as lubricants and in surgical and 
cosmetic implants. 


° Linear Chain silicones are obtained by hydrolysis of R,SiCl,. 


R 


R,Sicl, + 2H,0 2290. Ho— si — oH 


R 





R R 


Polym, p si—o Si — 0 


R R 





linear chain silicone 
e If R,SiCI, is hydrolysed in limited supply of water, cyclic silicones are obtained. 


R,SiCl, + H,Q —— 
limited amount 
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° Some R,SiCI is added to control the molar mass of linear chain silicones. If itis hydrolysed 
alone, dimeric siloxane is formed : 








| 
2R,SiCI + H,O > R Si 0 Si R 
TE. 


ii) ^ Cross-linkedsilicones — Hydrolysis of RSiCl, gives cross linked silicones. 








Cl OH 
p= а s ВЮ > “В | б Р, 
| } 
R R R 























6.  Zeolites 


The three-dimensional silicates in which some of the Si atoms are replaced by Al” ions and the 
negative charge is balanced by cations such as Na’, K', Са”, etc. are called feldspar (KAISi,0,) and 
zeolites (NaAISi,O,.H,O). 


Zeolites are widely used as catalysts in petrochemical industries for cracking of hydrocarbons and 
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isomerization. Another zeolite called ZSM-5 is used to convert alcohols directly into gasoline. 
Hydrated zeolites called permutit are used as ion exchangers for softening of hard water. 
Solved Examples 
1. | Which one of the following is the correct statement? 
1)  Boricacidis a protonic acid. 
2) 
3)  Chlorides of both beryllium and aluminium have bridged chloride structure in solid phase. 
4) 


Beryllium exhibits coordination number of six. 


B,H,.2NH, is known as inorganic benzene. 


Answer: З 
Rest3 statements are incorrect. Basic acid is a non protic acid. 
Beryllium exhibits coordination number of 4. 
Borazine is B,N.H,. 
2. A metal, M forms chlorides in +2 and +4 oxidation states. Which of the following statements 
aboutthese chlorides is correct? 
1 MCI, is more volatile than MCI,. 


2 MCI, is more soluble in anhydrous ethanol than MCI,. 


Co 


) 
) МСІ, is more ionic than MCI,. 
) 


4 MCI, is more easily hydrolysed than MCI,. 


Answer: З 
MCI, is less volatile as stability of dihalides increases down the group. 
MCI, will be more covalent in nature. 
MCI, is more easily hydrolysed as central atom can accommodate the lone pair of electrons from 
oxygen atom of water molecule. 
3.  Insilicon dioxide 


1)  Eachsilicon atom is surrounded by four oxygen atoms and each oxygen atom is bonded to 
two silicon atoms. 
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2)  Eachsilicon atom is surrounded by two oxygen atoms and each oxygen atom is bonded to 
two silicon atoms. 


3)  Siliconatom is bonded to two oxygen atoms. 
4) There are double bonds between silicon and oxygen atoms. 


Answer: 1 
Practice Questions 
1. ВО, іѕ 
a)  monobasicacid and weak lewis acid b) | monobasic and weak bronsted acid 
c)  monobasicand strong Lewis acid d)  tribasic and weak Bronsted acid 
2. (Ме),51СІ, on hydrolysis will produce 
a)  (Me),Si(OH), b  (Me)Si-0 
c) | [-0-(Me)Si-O-], d)  Me;SiCI(OH) 
3. Name ofthe structure of silicates in which three oxygen atoms of [Si0,]* are shared is 
a)  pyrosilicate b)  sheetsilicate 
c)  linearchain silicate d) three dimensional silicate 
4. B(OH), + NaOH = NaB0, + Na[B(OH),] + H,O 
How can this reaction be made to proceed in forward direction? 
a) Addition ofcis 1,2 diol b) Addition of borax 
c) Addition oftrans 1, 2 diol d) Addition of Na,HPO, 
5. The product/s formed when diborane is hydrolysed is/are 
a)  B,0,and H,BO, b)  B,O,only 
c) Н,ВО,апан, d)  HBO,only 
6. Reaction of diborane with ammonia gives initially 


а) B,H,NH, 
c)  B,H,3NH, 


c 


)  Borazine 
) [BR4NHj;] [BH] 


e 
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The structure of diborane (B,H,) contains 
a)  four2c-2e bonds and two 3c-2e bonds 


b) two 2c-2e bonds and four 3c-2e bonds 
C)  two2c-2e bonds and two 3c-3e bonds 
d)  four2c-2e bonds and four 3c-2e bonds 
8.  Inborax, the number of B—O-B links and В-ОН bonds present are, respectively 
a)  fiveandfour b)  fourandfive 
с)  threeandfour d)  fiveandfive 
9. Which one ofthe following has highest Lewis acid strength? 
a) Bl, b) ВВг, 
c) BF, d) BCI, 
10. Which one of the following is the correct statement? 
a)  B,H.2NH,is known as ‘inorganic benzene’ 
b)  Boricacid isa protonic acid. 
c)  Beryllium exhibits coordination number of six. 
d) Chlorides of both beryllium and aluminium have bridged chlorine structure in solid phase. 
Answers 
1 а 2. с 3. b 4. b 
5. d B. b т. а 8. b 
9. a 10. d 
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UNIT - 12 (Part - A) 


ORGANIC CHEMISTRY-Some Basic Principles & Technique 


Purification and Characterisation of organic compounds 


Organic compounds, obtained from natural sources or synthesized in laboratory, are seldom pure. 
They are generally contaminated with impurities and therefore need purification. The principle and 
method of purification depend upon the nature of the substance (solid or liquid) and the type of 
impurity presentin it. 


Methods of Purification : 


1. 


Sublimation : It involves direct conversion of a solid into the gaseous state on heating without 
passing through the intervening liquid state and vice versa on cooling. The process is useful to 
purify the compounds which sublime on heating and are associated with non volatile (solids) 
impurities. 


Example : Camphor, naphthalene, anthracene, benzoic acid, iodine. 


Crystallisation : This is the most commonly used technique for purification of solid compounds 
in laboratory. Crystals have definite geometrical shapes and are the purest form of a substance. 
The process by which an impure compound is converted into crystals is known as 
crystallisation. This method is based upon the principle that an organic compound is soluble in a 
suitable solvent / mixture of solvents at elevated temperature and insoluble at room 
temperature. For proper crytallisation choice of solvent is crucial. A suitable solvent :— 


- Should not react chemically with the impurities. 
- Should dissolve more of the substance on heating than at room temperature. 


- Either should not dissolve impurities or if it dissolves, it should be such an extent that 
impurities remain in solution (mother liquor) upon crystallisation. 


Water, alcohol, chloroform, ether, benzene, acetone, ethyl acetate are commenly used solvents 
for crystallisation. 


2.1 Fractional Crystallisation : This is the process of separation of different components of a 
mixture by repeated crystallisation. This method is employed to separate and purify two 
or more compounds having different solubilities іп the some solvent. 


Simple Distillation : |t involves conversion of a liquid into vapours by heating followed by 
condensation of these vapours by cooling. This method is based upon the difference in boiling 
points of impurities and the compound to be purified. It is commonly used for the liquids, 
sufficiently stable attheir boiling points and contain non volatile impurities. 
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Example: Benzene, ethanol, acetone, toluene, xylenes, CHCI,, ССІ, etc. 


Simple distillation can also be employed for separation and purification of a mixture of two or 
more miscible organic liquids having sufficient difference in their boiling points. Upon 
distillation of such mixture, the more volatile liquid distils over first while the less volatile liquid 
distils over afterwards. 

Example: Mixture of ether (b.p. 308 К) and toluene (b.p. 384 К) 

Mixture of hexane (b.p. 342 K) and toluene. 


Mixture of benzene (b.p. 353 К) and aniline (b.p. 457 К) 


3.1 


3.2 


3.3 


Fractional Distillation : This method is employed when the boiling points of liquids of a 
mixture are very close to each other and separationcan't be done by simple distillation. 
Fractional distillation is carried out in fractionating column, specially designed for the 
purpose to increase the cooling surface area and to provide obstructions to the ascending 
vapours and descending liquid. This allows repeated and successive evaporations and 
condensations. 


Example : This method is used to separate (1) petroleum into its useful fractions such as 
gasoline, kerosene oil, diesel oil etc. (2) acetone (b. p. 329 K) and methyl alcohol (b.p. 338 
K) from pyroligneous acid obtained by destructive distillation of wood. 


Distillation under reduced pressure / Vacuum Distillation : This method is used for 
purification of high boiling liquids and the liquids which decompose at or below their 
boiling points. We know that a liquid boils when its vapour pressure becomes equal to the 
external pressure. Therefore, by reducing the external pressure acting on it, boiling point 
can be reduced and distillation can easily be achieved without decomposition. Water 
pumps / vacuum pumps are commonly used in laboratory to reduce the pressure above 
the liquid mixtures to be separated. 


Example : Glycerol generally decomposes at its boiling point (563 K). It can be distilled 
without decomposition at 453 K under 12mm Hg pressure. 


Steam Distillation : This is very convenient method for separation and purification of 
organic compounds (solid / liquid) from nonvolatile organic / inorganic impurities. 
Method is applicable to the compounds that are volatile in steam, insoluble in water, boil 
above 373K at 760mm, decompose at / below its boiling point and contain nonvolatile 
impurities. Unlike Vacuum distillation, steam distillation makes the high boiling 
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compound to distil at low temperature and avoids its decomposition, without reducing the 
total pressure acting on the solution. 


The impure organic compound, mixed with water is taken in a round bottom flask and 
steam is passed through it. When the combined vapour pressure of mixture becomes 
equal to the atmospheric pressure, the mixture starts boiling. At this temperature, steam 
mixed with the vapours of compound passes over to the condenser, gets condensed and 
then collected in the receiver. The distillate contains the mixture of desired compound and 
water which are then separated with the help of a separating funnel. 


Example : Aniline, nitrobenzene, essential oils, o-nitrophenol and bromobenzene can be 
purified by this process. 


4. Differential Extraction : This method is also known as solvent extraction. The technique is used 
to separate organic compounds (solid / liquid) from their aqueous solutions. In a separating 
funnel, the aqueous solution of organic compound is mixed with a small quantity of the suitable 
organic solvent. Solvent should be immiscible with water and highly miscible with the organic 
compound. The separating funnel is stoppered and the contents are shaken thoroughly. The 
organic compound, being more soluble is solvent, gets dissolved in it. The funnel is allowed to 
stand for some time so that the water layer separates out from the organic layer. Both the layers 
are separated and the process is repeated several time with the water layer in order to extract the 
entire / maximum amount of the organic compound. Organic compound is then recovered from 
the solvent through distillation / evaporation. Larger the number of extractions, greater the 
amount of the compound extracted. Benzene, ether, chloroform and carbon tetrachloride are 
some generally used solvents for extraction. 


Example : Benzoic acid can be separated from its aqueous solution using benzene as a solvent. 


5. Chromatography : This is the modern analytical technique, discovered by Tswett (1906) to 
separate the components of a mixture. The technique is based upon the principle of selective 
adsorption of various components of a mixture between the two phases; stationary phase and 
mobile phase. It is widely used, not only for separation but for purification, identification and 
characterization of the components present in a mixture. 


Depending upon the nature of the stationary and the mobile phases, the different types of 
chromatographic techniques, commonly used are given in the table. 
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Some common types of chromatographic techniques : 
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2. 


Technique 


Adsorption or column 
chromatography 


Thin layer chromatography 
(TLC) 


High performance liquid 
chromatography (HPLC) 


Stationary 
Phase 


Solid 


Solid 


Gas-liquid chromatography | Liquid 


Partition chromatography 
/ Paper chromatography 


(Supported 
on inert solid) 


Liquid 
(supported on 
cellulose of 


paper) 





Mobile 
Phase 


Liquid 


Liquid 


Liquid 


Liquid 





Uses 


Large scale separations, 
qualitative and 
quantitative analysis 


Qualitative analysis 


Qualitative and 
quantitative analysis 


Qualitative & quantitative 
analysis 





Qualitative & quantitative 
analysis of polar organic 
compounds (sugars, 
amino acids etc.) 





Some common terms used in chromatography : 


(i) 
(ii) 


(ii) 


(iv) 


Mobile phase : Phase that moves through the stationary phase. It may be liquid ora gas. 


Stationary phase : It is the substance fixed in place for the chromatography. It may be solid or 


liquid supported on solid. For example silica layer in TLC. 


Eluent: The solvent used in column chromatography is know as eluent. During elution (running) 
of eluent (solvent) from the column, the most weakly adsorbed component is eluted first by least 
polar solvent while more strongly adsorbed component is eluted later by highly polar solvents. 


Rf Value : It is the ratio of the distance travelled by a component to the distance travelled by the 
solvent front. It is a constant for a given component under a given set of conditions. Therefore, it 
is possibleto identify the various components by determining their Rf values. 
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Qualitative analysis of organic compounds : It is detection of various elements present in the 
compound. 


1. 


Detection of carbon and hydrogen : Organic compound is heated with dry cupric oxide and 
produced vapours are passed through lime water or anhydrous Си$0,. If lime water turns milky, 
it shows presence of CO, or carbon. If anhydrous CuSO,, turns blue it shows presence of H,O or 
hydrogen 





Compound + СиО ————-— —. CO, + H,O + Cu 
CO, + Ca(OH), » СаСО, + Н,0 
lime water milkiness 


Н„О + CuSO, — — — — —— 0050,. 5H,0 
colourless blue 


Detection of other elements : Nitrogen, sulphur & halogen are detected by Lassaigne's test. 
Compound is heated with sodium metal and poured in cold & distilled water. This, after heating 
for sometime, gives Lassaigne's solution or sodium extract. In Lassaigne solution, elements 
presentin compound, get converted from their covalent to easily identifiable ionic forms 
eg. Na«C«N— ————» NaCN 

Na+S > Na,S 

Na +X > NaX X - halogen 


(i) Test for nitrogen : Lassaigne extract is boiled with FeSO, and acidified with dil. H,SO,. 
Formation of prussian blue colour confirms the presence of N. 


6NaCN + FeSO, — ——* Na, [Fe(CN),] + Na,SO, 
sodium hexacyanoferrate (11) 


З Na,[Fe(CN),] + 4 Fe? —— —» Fe, [Fe(CN),], + 12Na* 

ferri ferrocyanide (prussian blue) 
Note : On heating with FeSO,, sodium ferrocyanide is formed and at the same time some 
ferrous (Fe?) ions are oxidized to ferric (Fe?) ion which react with sodium ferrocyanide to 
give ferri ferrocyanide. 








(ii) ^ Testfor sulphur: 
(a) Sodium extract is acidified with acetic acid and lead acetate is added to it which gives black 
ppt of PbS and shows the presence of ‘S’. 


Na,S + (CH,COO),Pb —————> PbS + 2CH,COONa 
black 
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(b) | Lassaigne extract reacts with sodium nitroprusside and gives violet colour. 


Na,S + Na, (Fe(CN),NO)t———> Na, [Fe(CN).NOS] 
violet 


Note : If ‘N’ and ‘S’ both are present in compound they form sodium thiocyanate in 
Lassaigne extract, due to insufficient sodium. 


Na +C +N +S —^—» NaSCN 
Therefore, during test of ‘N’, instead of prussian blue, blood red colouration appears. 


3NaSCN + Fe» Fe(SCN), + 3Na' 
ferric thiocyanate (blood red) 


Note : In excess of sodium metal, sodium thiocyanate decomposes to sodium sulphide & 
sodium cyanide. Therefore, LE is prepared in excess of sodium. 


NaSCN + Na (excess) ——> Na,S + NaCN 


(iii) Detection of halogens : If ‘N’ or ‘S’ present in the compound they may interfere in the 
AgNO, test for halogen. Therefore, before the test for halogens, sodium extract is boiled 
with conc. HNO, to decompose Na,s and NaCN іп the form of H,S and HCN. 


Na,S + Conc. HNO, ——» H,ST 
NaCN + Conc. HNO, —— HCN 
Now, sodium extract is treated with AgNO,, which gives precipitate of silver halide 


NaX + AgNO, — AgX + NaNO, 
Sod. extract ppt. X = Cl, Br, | 
AgX 
AgCI AgBr Agl 
white ppt pale yellow ppt yellow ppt 
(soluble in NH,OH) (sparingly soluble in NH,OH) (insoluble in NH,OH) 


(iv) Detection of phosphorus : Organic compound is fused with sodium peroxide to convert 
phosphorus into sodium phosphate, which on further reaction with ammonium 
molybdate & conc. HNO, gives yellow ppt/colouration of ammonium phosphomolybdate. 


2P(From organic compound) + Na,O, ——“—» 2Na,PO, + 2Na,0 
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Na,PO,+3HNO, —*“—+H,PO,+ 3NaNO, 
21 HNO, + H,PO, + 12 (NH,),MoO, ——> (NH,),P0,.12 MoO, + 21 NH,NO, + 12H,0 
Amm. molybdate Amm. phospho molybdate (yellow) 
Quantitative analysis of organic compounds: This is done to calculate the percentage of each element 
in the compound. 


1. Estimation of ‘C’ and ‘H’ [Liebig’s Method] : A known mass of organic compound in burnt in 
presence of excess of СиО. “С” and ‘H’ of the compound oxidize to CO, and H,O, respectively. 
These vapours are passed through weighed 'U' tubes having anhydrous CaCl, followed by KOH 
solution. CaCl, absorbs H,O while KOH absorbs CO,. Increase in the mass of CaCl, and KOH gives 
the amount of H,O and CO, produced in combustion which inturn gives the % of H and C present 
inthe compound. 


Calculation of 96 of ‘C’ and ‘H’ : Suppose mass of compound = Wg 
mass of CO, / H,O produced = wg 


ForC CO, = С 
44g 12g 
44g CO, Contains 12g ‘C’ 


wg CO, contains 12 xwg C 
44 


% of ‘C’ in Wg organic compound 


фос = 12 x VW x 100 





44 W 
ForH Н,0 = 2H 
18g 2g 
18g of H,O contains 2g of 'H' 
2 


wg of H,O contains as wg'H 


% of ‘H’ in Wg organic compound 


%ofH = 2.x ™ x 100 
18 W 
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2.  Estimationof'N' : There aretwo most commenly used methods (i) Duma's method (ii) Kjeldahl's 
method. 


(i) | Duma’s Method: This method is applicable to all organic compounds containing nitrogen. 
organic compound is heated with excess of CuO to give free nitrogen, CO, and HO 


C,H,N,+Cuo—4—+» XCO, + — њо +4 N, + Cu 
2 2 


Now, the above mixture is collected over conc. KOH solution which absorbs all the gases except 
N,. The volume of N, collected is calculated at STP. 


PV, = PA V, - Volume of N, gas 
Ti T; P, = Pressure of N,— Aqueous tension 
T, = Room temperature 
y = PV у 273 Letitbe'V' ml 
Т, 760 





Calculation of 9o of ‘N’ 
22400 mL of N, at STP weighs = 28g 


VmLofN,atSTPweighs = —28 x V g 
22400 


% of N in W g organic compound = __28_ X Es x 100 
22400 W 


(ii) | Kjeldahl’s Method : Compound is heated with conc. H,SO,. “№ in the compound gets 
converted into (NH,),SO,. Resulting acidic mixture is heated with excess of NaOH to 
liberate NH, gas. NH, is absorbed in excess of standard H,SO, solution. The amount of 
Н,50, consumed tells about the amount of NH, produced. The volume of acid left, after 
absorption of NH,, is found by titration against standard alkali solution. 


Organic compound + H,s0, — — — (№Н,), $0, 
(NH), 50, + NaOH —— — ——» Na,S0, + 2NH,T +H,0 


NH, 4 H,S0, — — —^ (NH,),SO, 


UDAON 


STUDY MATERIAL FOR CHEMISTRY - XI program to give wings to gi students 


342 


Letthe mass of organic compound taken = Wg 

Volume of H,SO, of normality М, = V, mL 

Volume of NaOH of normality N,, used = У, mL 

Now V, mL of N, NaOH = V, mL of N, H,SO, left unused 

-. Volume of H,SO, used up by NH, = (V,-V,) mL of N, normality = Volume of NH, evolved 
1000 mL of 1 N NH, contains 140 ‘N’ 





(V,-V,) mL of 1 N NH, will contain Tu x (V-V) x N g 'N 


This is mass of ‘N’ in Wg of compound. 








mofN = 14 x (ММ) x N, x 100 

















X 
1000 W 
or | %ofN = 1:4 X normality of acid x volume of acid used 
mass of compound 











Estimation of Halogens : (Carius Method) : A known mass of organic compound is heated with 
fuming HNO, in presence of AgNO,. The halogen of compound gets precipitated in the form of 
AgX which can be filtered, washed, dried & weighed. 


Let the mass of organic compound = Wg 
& mass of AgX formed = wg 


AgX = Ag 


(108 + atomic mass of halogen) = (atomic mass of halogen) 
Now 1 mole of AgX contains 1g atom of X (X = CI, Br, I) 


Atomic mass of X 





wg of AgX contains = xwg 


(108 +at. mass of X) 


This is mass of halogen (X) presentin Wg of compound 





% of halogen = 


(atmassofX) у W x 499 
(108+at.massofX) М 
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4. Estimation of Sulphur : (Carius method) : A known mass of compound is heated with fuming 
HNO,. Sulphur present in the compound gets converted into H,SO, which is then precipitated as 


BaS0,. 
S + H,O +30 (from HNO,) ———^2— — Н,50, 
H,SO, + BaCl, —————» BaSO, 
Ва$0, = 5 
2330 320 
mass of'S' inw g of BaSO, = 32 X wg 
233 


% of ‘S’ in Wg compound 





%о15 = $2 x W x 100 
203 W 


5. Estimation of Phosphorus (Carius method) : When known mass of compound is heated with 
fuming HNO,, phosphorus of compound is oxidised to H,PO, which is precipitated as 
magnesium ammonium phosphate and then ignited to give magnesium pyrophosphate. 


Mg, Р,0, = Р, 
2220 31х20 


mass of phosphorus іп wg of Mg,P,0, = x wg 


% of ‘P’ in W g organic compound 





%ofP = 92. x W x 100 
222 W 


6. Estimation of Oxygen : Oxygen, in an organic compound, can be calculated by the difference 
method. 


Percentage of oxygen = (100 - Sum of % of all other elements) 
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Calculations of Empirical and Molecular Formula 


Empirical Formula : It is the simplest whole number ratio between the atoms of various elements 
present in one molecule of the substance. eg. ratio of H & O in Н,О, is 1 : 1, therefore, Empirical formula 
is HO. 


Molecular Formula : It gives the actual number of atoms of various elements present in one molecule 
of the compound eg. actual no. of atoms of H and О in H,O, is 2 & 2, Therefore, molecular formula is 
H,0,. 
Relationship between Empirical and Molecular formula 

Molecular formula = n x (Empirical formula) 

Where nis a simple integer 1, 2, 3, etc. given by the equation 


Molecular mass 
Empirical formula mass 


n= 





For example empirical formula of glucose is CH,O 
Its empirical formula mass = 12+(2x1)+16 = 30 
Molecular Mass of glucose = 180 


" Molecular mass - 180 _¢ 
Empirical formula mass 30 





Molecular formula of glucose = n x (Empirical formula) 


6 x (СН,0) = C,H,,0, 


Steps to calculate Empirical formula: 
1. Devide the percentage of each element by its atomic mass to get the relative number of atoms in 
the molecule. 


2.  Devide the result obtained in the above step by the smallest value among them to get the 
simplest ratio of atoms of various elements present inthe molecule. 


3. Ifthe ratio obtained in step 2 is not a whole no., then multiply the figures with a suitable integer to 
make it simplest whole number ratio. 


4. Now write the symbols of the various elements present along with the whole numbers obtained 
in step 3. This givesthe empirical or simplestformula. 


Steps to determine Molecular formula : 


1. Determine empirical formula from percentage composition of atoms of various elements 
present. 
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2. Calculate empirical formula mass. 


3. Calculate molecular mass by suitable method. 


Molecular mass 
Empirical formula mass 





4.  Determinevalueofn ; n = 


5. Multiply empirical formula by ‘n’ to getthe molecular formula 


Molecular formula =n x (Empirical formula) 


Empirical and Molecular formulae of some compounds : 


Compound Empirical Formula Molecular Formula 
Benzene 
Glucose CH,0 СьН „О 


| 
Sucrose 
| 
| 
| 


CH C, 
| | 


Sodium Carbonate Na,CO, Na,CO, 








Solved problems: 


Q1. Calculate empirical and molecular formula of an organic compound containing 58.53% carbon, 
4.06% hydrogen, 11.38% nitrogen and rest is oxygen. Molecular mass of compound is 123. 


i 
58.53 = 4.88 
12 
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Therefore, the empirical formula is C,H,NO, 


Empirical formula mass = (12 x 6) + (5x1) +14 + (16x 2) = 123 


ars Molecular mass = 123 _ 


Empirical formula mass 123 


Empirical formula = Molecular formula = С,Н,№О, 


Q2. Calculate molecular formula of compound (Molecular mass = 88), having 54.296 carbon, 9.2% 
hydrogen and 36.696 oxygen. 


A. (i) Calculation of empirical formula from % composition 
% Moles of atoms Simplest Simplest whole 
atomic ratio no. atomic ratio 
C 54.2 12 04.2 — 451 4.51 
12 2.29 





36.6 | 16 | 36.6 _ 55g 
16 


Empirical formula = C,H,0 


(ii) ^ Calculation of molecular formula 


Empirical formula mass = (2x12) + (4х1) +16 = 44 





is Molecular mass . 88 |, 


Empirical formulamass 44 
Molecular formula = 2(C,H,0) = С,Н,0, 
Q3. 0.246 g of an organic compound gave 0.198g of CO, and 0.1014g of water on complete 


combustion. 0.37g of compound gave 0.638g of silver bromide. What is the molecular formula 
ofthe compound if its vapour density is 54.4. 


A. (а) Calculation of % composition 


(i) wat = 12 x Mass of CO, produced x 100 
44 . Massofcompound taken 
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= 12 у 0.198 , 400 = 21.95 
44 0.246 


(ii) 96 of ‘H’ - ty Mass of H,O produced X 100 
18 Маѕѕ of compound taken 








-2 y 01014 y 100 = 458 
18 0.246 


(iii) %of Br = 80 X Mass of AgBr formed x 100 
188 Mass of compound taken 





- 80 у 0.638 у 100 = 7337 
188 0.37 


(iv) The given compound does not contain oxygen since the sum of % of C, H, Bris approx 100 
i.e. 21.95 + 4.58 + 73.37 = 99.90 = 100% 





(b) Calculation of empirical formula 
9 Moles of atoms Simplest Simplest whole 
atomic ratio | no. atomic ratio 
21.95 21.95 1.83 2 
12 .917 
.58 
Molecular mass of the compound = 2 x Vapour density 


% 
12 - 183 
0 
45 1 B ys 4 5 
1 | 
80 A o | 1 
80 | 
=2x54.4= 108.8 


8 
Molecular mass 108.8 _ 108.8 _ , 


73.37 
П = = 


Empirical formula mass (2x12) + (5х1) +(1x80) 109 


-. Molecular formula = C,H,Br 








H 
Br 


Thus, the empirical formula of the compound is C,H,Br 


(c) Determination of molecular formula 
Vapour density of the compound = 54.4 
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Q4. 0.25g of an organic compound upon Kjeldahl's analysis evolved ammonia which was absorbed 
in 25mL of IN H,SO,. The residual acid required 30mL of N NaOH solution. Find the % of ‘N’ in 
2 
the compound. 


A. Volume of acid taken = 25mL 


Volume of alkali used for neutralization of excess acid = 30ml of T NaOH 


-. 30mL T NaOH = 30mL T H,S0,- 15mL 1 N H,SO, 


-. Volume of 1 N H,SO, used by ammonia = 25-15=10mL 
Further 10mL of 1 N H,SO, = 10mL of 1 N NH, solution 
But, 1000 mL of 1 N NH,contain = 14g N 


2. Лот 1 N NH, willcontain = 14 X 10 = 0.14g № 
1000 


Therefore, 0.250 compound contains 0.14g ‘N’ 
y, of Nn’ = 014x100 _ 985% 
0.25 
Q5. 0.5g of an organic compound, when treated by Carius method, gave 0.65g BaS0,. Calculate the 
% of ‘S’ inthe compound. 


A. Byformula,% ofS’ = 92 x _MassofBas0, ^, 400 
234 Mass of compound 


= 32 x 0.65 у 100 





233 0.5 
= 17.85 % 
06. 0.2g of an organic compound containing phosphorus gave 0.32g of Мо,Р,0, by the usual 
analysis. Calculate the % of ‘P’ inthe compound. 
A. Byformula, %0fP - 92 x  MassofMg,PO; у 400 
222  Massofcompound 
= 62 y 0.32 , 190 
222 0.2 
= 44.68% 
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Q7. 


Q8. 


Q9. 


0.35g of a substance gave 0.25g of silver bromide in Carius method of halogen estimation. Find 
the % of bromine in the compound. 








By formula, % of Br = Atomic mass of Br x wt. of AgBr x 100 
(108 + Atomic mass of Br) Mass of substance 
2.00 x US жч 
188 0.35 
= 30.39% 


0.150 of an organic compound gave 25mL of nitrogen, collected at 300K and 715mm pressure 
in Duma's method. Calculate the percentage of nitrogen in the compound (Aqueous tension of 
water at 300K is 15mm). 


By formula, % of N = 28 у VolumeofN,CollectedatSTP „ чор 


22400 Mass of compound 








Atmospheric pressure = 715 mm Hg 

Room temperature = 300K 

Vapour pressure of water at 300K = 15mm 

-. Actual pressure ofgas = 715-15 = 700mm Hg 


г. Volume of nitrogen collected at STP = Р.М, X 273 _ 700 x 25 X 273 











Т; 760 300 760 
By putting the volume of nitrogen collected at STP, into the formula, we get 
% N = 28 X 2/3 x 700 x 25 x 100 
22400 300 x 760 x 0.15 


- 17.4696 
0.35g of a substance on combustion gave 0.52g of CO, and 0.3g of H,O. Calculate the percentage 
of ‘C’ & 'H'init. 
(i) %ofC = 12 у MassofCO,formed ~ 499 
44 Mass of substance 





- 12 y 0592 у 100 = 40,51% 
44 0.35 
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(i) %ofH = 2 у MassofH,Oformed , чор 
18 Mass of substance 
TIRE 
18 0.35 
= 9.52% 


Q10. 0.25g of an organic compound at NTP gave 31mL of N, gas by Duma's estimation method. Find 
out percentage of ‘N’ 


A. %ofN = 298 x VolumeofN,collected ~ 499 


22400 weight of compound 


-28 x 31 y 409 = 15.5% 
22400 0.25 


Q11. Suggesta suitable method to separate :- 





(a) Mixture of o-nitrophenol and p-nitrophenol 

(b) Mixture of benzene (b.p. 353K) and toluene (b.p. 384K) 

(c) Sugarcontaining impurity of common salt. 

(d) Acetone (b.p. 329K) and methanol (b.p. 338K) 

(e) Mixture of benzoic acid and naphthalene 

A(a) o-nitrophenol is steam volatile while p-nitrophenol is not, therefore, they can be separated by 
steam distillation. 


(b) For benzene and toluene, boiling point difference = 30K is sufficient to separate them through 
simple distillation. moreover, both of them contain non volatile impurities. 


(c) Sugar containing impurity of common salt can be purified by crystallization using hot ethanol 
which dissolves sugar but notthe common salt. 


(d) Acetone and methanol can be separated by fractional distillation as their boiling points are very 
close to each other (difference in b.p. = 10°C). 


(e) Crystallization with hot water; benzoic acid will dissolve while naphthalene remains insoluble. 


Q12. Give method for the purification of 
(a) Camphor (b)  Nitrobenzene 
(c) Kerosene having water impurity 
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A(a) 
(b) 


Camphor sublimes upon heating, thus can easily be purified by sublimation 


Nitrobenzene, having very high b.p. (483K), insoluble in water and containg nonvolatile 
impurities, can be purified using steam distillation 


(c) Kerosene can be purified from impurities of water by solvent extraction using a separating 
funnel since both are immiscible 
Practice Problems 
Q1. Inthe Lassaigne’s test for ‘N’ the prussian blue colour is obtained due to the formation of 
(a Na,[Fe(CN),] (b)  Fe,[Fe(CN),] 
(c) Fe,[Fe(CN),] (d) —Fe,[Fe(CN),] 
Q2. Amixture of liquid A and B having boiling points 365K and 356K, respectively, can be separated 
by 
(a) Simple distillation (b) Steam distillation 
(c) Fractional distillation (d) Distillation under reduced pressure 
Q3. Thebestand latest technique for isolation, purification and separation of organic compounds is 
(a) Crystallization (b) Distillation 
(c) Sublimation (d) Chromatography 
Q4. Inwhich out of the following compounds, ‘N’ can not be analysed by Lassaigne's test 
(a) Nitrobenzene (b) Aniline 
(c) Urea (d) Hydrazine 
Q5. Which of the following compounds is / are formed when an organic compound containing both 
N & Sis fused with sodium 
(а) Thiocyanate (b) Nitrate and sulphide 
(c) Cyanide and sulphite (d) Sulphide & cyanide 
Q6. InDuma's method, ‘N’ is determined in the form of 
(a) NaCN (b) Gaseous nitrogen 
(c) Ammonium sulphate (d) Gaseous ammonia 


Q14. 
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Q7. Theconcentration of C = 85.45% ; H = 14.55% is not obeyed by the Empirical formula 
(a) C,H, (b CH, 
(с) CH. (d) CH, 
Q8. Anorganic compound decomposes below its boiling point, can be purified by 
(a) Simple distillation (b) Sublimation 
(c) Distillation under reduced pressure (d) Fractional distillation 
Q9. Camphor can be purified by 
(a) Crystallization (b) Sublimation 
(c) Distillation (d) Extraction 
Q10. Theappearance of blood red colouration during Lassaigne's test indicates 
(a) Presence ofS (b) PresenceofN 
(c) PresenceofN & S (d) Presence of halogen 
Q11. Identify the compound that con not be Kjeldahlised 
(a) Urea (b) Pyridine 
(c) Aniline (d) Benzamide 
Q12. Which of the following fertilizers has the highest percentage of ‘N’ 
(a) Ammonium sulphate (b) Urea 
(c) Ammonium nitrate (d) Calcium cyanamide 
Q13. The Lassaigne’s extract is boiled with dil. HNO, before testing for halogens because 


(a) Silver halides are soluble in HNO, 

(b) Ag,Sis soluble in HNO, 

(c) AgCNissolublein HNO, 

(d) Na,S and NaCN are decomposed by HNO, 


In the Kjeldahl’s method of estimation of ‘N’ present in a soil sample, ammonia evolved from 
0.75g of sample, neutralized 10mL of 1MH,SO,. The % of ‘N’ inthe soil is 


(a) 3733 (b) 45.33 
(c) 35.33 (d) 43.33 
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Q15. 


Q16. 


017. 


018. 


019. 


020. 


021. 


31.7 mL of moist М, was obtained from 0.2033g of an organic compound in Duma's method at 
14°C and 758mm pressure. If aq. tension at 14°C = 14mm, the % of 'N' inthe sample is 


(a) 19.25 (D) 18.15 
(c) 19.01 (d) 20.2 


0.189g of substance, during Carius determination gave 0.287g of AgCl. What is the % of 
chlorine in the sample 


(a) 40.20 (b) 38.36 
(c) 37.57 (d) 39.04 
0.40g of an organic compound containing phosphorus gave 0.555g of Mg,P,0, in Carius 


analysis. % of phosphorus in the organic compound is 


(a) 38.75 (b) 50.23 

(c) 40.57 (d) 37.85 

Acompound has С, Н, N in the following percentage : C = 4096, H = 13.33%, N = 46.67%. What is 
its Empirical formula 

(a) СНМ (b) C,H,N 

(c) CH,N (d) CH,N 

1.89g of an organic compound containg C, H & O gave 2.64g CO, and 1.08g H,O upon 
combustion. Its Empirical formula is 

(a  C,H,0 (b) CH,O 

(c) CH,O (d)  C,H,0, 

When acetic acid and lead acetate are added to sodium extract during Lassaigne's test, 
appearance of black precipitate shows the presence of 

(a Phosphorus (b) Nitrogen 

(c) Sulphur (d) Halogen 

An organic substance from its aqueous solution can be separated by 

(a Simple Distillation (b) Steam distillation 

(c) Solvent extraction (d) Fractional distillation 
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Q22. Insteam distillation, the vapour pressure of the volatile compound is 

(a) Equalto atmospheric pressure 

(b) Less than atmospheric pressure 

(c) Morethan atmospheric pressure 

(d) Exactly half of the atomospheric pressure 
Q23. Refining of petroleum involves the process of 

(a) Simple distillation (b) Steam distillation 

(c) Distillation under reduced pressure (d) Fractional distillation 
Q24. InKjeldahl's method, the nitrogen present in the compound is converted into 

(a) Gaseous ammonia (b) Gaseous nitrogen 

(c) Ammonium sulphate (d) Ammonium nitrate 


Q25. The property which serves as acriterion of purity of an organic compound its 


(a) Solubility in water (b) Conductivity 
(c) Density (d) Crystalline nature 
Q26. Separation of two substances by fractional crystallization depends upon their difference in 
(a) Densities (b) Solubilities 
(c) Melting points (d) Boiling points 
Q27. The separation of the constituents of a mixture by column chromatography depends upon their 
(a) Different solubilities (b) Different boiling points 
(c) Different refractive index (d) Differential adsorption 


Q28. Ammonia evolved from 0.4g of an organic substance by Kjeldahl's method was absorbed in 
30mL of semi-normal (N/2) Н,50,. The excess of the acid was neutralised by the addition of 
30mLof N NaOH. % of'N’ inthe substance is 

5 


(a) 30.5 (b) 31.5 
(c) 33.5 (d) 325 
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Q29. 


Q30. 


Q31. 


Q32. 


Q33. 


Q34. 


Q35. 


An organic compound contains carbon 34.6% and hydrogen 3.84%, the rest being oxygen. Its 
vapour density is 52. The molecular formula of the compound is 


(a  C,H,0 (b) С.н.о, 

(c) C,H,0 (d)  C,H,0, 

Iftwo compounds have same Empirical formula but different Molecular formula, they must have 
(a) Different percentage composition (b) Same viscosity 

(c) Different molecular weight (d) Same vapour density 


An oxide of nitrogen contains 30.43% of nitrogen. The molecular weight of the compound is 
equal to 92 a.m.u. What is the molecular formula of the compound 


(a) №0, (0) №0, 

(c) №0, (d) №0 

An acid contains С, Н & О. Its 4.24 mg, upon burning gives 8.45mg CO, and 3.46 mg H,O. 
Molecular mass of acid is 88 amu. What is its molecular formula 

(a) C,H,0, (b CHO, 

(c) C,H,0, (d) С,Н,0, 

A compound contains 4.07% Н, 24.27% C and 71.65% chlorine. Its molecular mass is 98.96. 
Whatis its molecular formula 

(a С,Н,СІ, (b) CH,CI 

(c) C,H,CI (d) C,H,Cl, 

The most satisfactory method to separate sugars is 

(a) Fractional crystallization (b) Sublimation 

(c) Chromatography (d) Benedict’s reagent 


0.36g of the compound during Duma's estimation gave 48.88 cm? of N, at 300K and 740mm 
pressure. Whatis the percentage of nitrogen (Aqueous tension at 300K is 15mm) 


(a) 14.73 (b) 15.34 
(c) 1643 (d) 13.37 
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Learning Outcomes: 


After studying this chapter students will be able to understand : 


Various methods for purification of organic compounds and the basic principles underlying 
these methods. 


Methods for the detection of C, H, N, S, P and Halogens. 

Per centage estimation of C and H by Liebig's method. 

Per centage estimation of N by Duma's method and Kjeldahl's method. 
Per centage estimation of P, $ and halogens by Carius method. 


Determination of Empirical formula of the compound by the per cent composition of elements 
present in it. 


Determination of Molecular formula. 


Application of the above techniques in organic chemistry laboratory for purification and 
identification of compounds. 


UNIT - 12 (Part - B) 


ORGANIC CHEMISTRY-Some Basic Principles & Technique 


Learning Objectives 

Inthis unitthe student will be able to 

° Understand the shape of simple molecules by studying the tetracovalency of carbon 
° Classify the organic compounds based on their structure 

° Identify the different types of isomerism exhibited by organic compounds 

° Name the organic compounds according to IUPAC rules 


° Learn the process of bond fission leading to various reactive intermediates, i.e. carbocations, 
carbanions and free radicals 


e. Learnthe behaviour of organic compounds as nucleophiles and electrophiles 


° Explain the various electron displacements in a covalent bond : inductive effect, electromeric 
effect, resonance effect, hyperconjugation effect 


° Classify the organic reactions into substitution, addition, elimination or rearrangment 
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Tetravalency of carbon : shapes of simple molecules 


Carbon forms covalent bonds with other carbon atoms and also with other elements like hydrogen, 
oxygen, halogens, nitrogen, sulphur etc. The formation of these covalent bonds and the tetravalence of 
carbon is because of its electronic configuration and the hybridization of s and p orbitals. The simplest 
compound of the alkane series is methane in which carbon is sp? hybridised and forms bonds with four 
hydrogen atoms to form a tetrahedron where carbon is in the centre and the hydrogens at the four 
corners. Similarly the shapes of other molecules like ethane (C, H,),ethene (C,H,) and ethyne (С,Н,) can 
be explained by using sp’, sp’ and sp hybridization. 


As we more from sp’ to sp’ to sp hybridization, the s character increases from 25% to 33% to 50% 
respectively. Greater the s character, closer the electrons are to the nucleus, more effective the overlap 
with other orbitals and thus shorter and stronger bonds are formed. Thus bond length decreases and 
bond strength increases with increase in s character. In other words, electronegativity increases as s 
character increases. Thus a carbon having sp hybridization is more electronegative than a carbon in 
sp’ hybridization which is more electronegative than a carbon having sp? hybridization. 


Classification 


All the known organic compounds have been broadly divided into the following classes on the basis of 
their structure. 


Organic Compounds 


Acyclic or open Cyclic or closed chain 
chain or Aliphatic or ring compounds 


~~ 


Homocyclic Heterocyclic 


[——1 [4 


Alicyclic Aromatic _ Non-aromatic Aromatic 


[1 


Benzenoid Non-benzenoid 
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Acyclic or aliphatic compounds are the ones which consist of straight chain or branched chain 
compounds, for example, 


CH, 0 
| | 
CH,CH,CH, CH,-CH-CH,CH,CH, CH,CH,CH,CH,OH CH,-C-CH, 
Propane 2-methyl pentane n-butanol acetone 


Cyclic or ring compounds are the ones which contain atoms joined in the form of a ring. These 
rings may be (a) Homocyclic and (b) Heterocyclic. 


(a) Нотосусііс compounds are those in which only carbon atoms are joined to form a ring. 
They аге of two types: 


° Alicyclic compounds. The aliphatic cyclic compounds are called alicyclic 
compounds. For example. 


^AUOC 


Cyclopropane — Cyclobutane ^ Cyclopentane СусІоһехапе 


° Aromatic compounds. Completely conjugated cyclic planar polyenes which obey 
Huckel's rule, i.e. contain (4 n + 2) n electrons, where n = 0, 1, 2, 3, ..... are called 
aromatic compounds. These are of two types: 


(i) | Benzenoids. Aromatic compounds and their alkyl, alkenyl and alkynyl 
derivatives which contain one or more benzene rings either fused or isolated 
in their molecules are called benzenoids. For example 


CH, NO, 


Naphthalene Anthracene Toluene Nitrobenzene 


These are also called arenes. 
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(ii) | Non-benzenoids. Aromatic compounds which do not contain a benzene ring 
but instead contain other highly unsaturated rings are called non-benzenoids. 


For example, 
| - С) | 
Azulene Tropolone Cycloheptatrienyl cation 


(Tropylium ion) 
(b) Heterocyclic compounds are those in which one or more heteroatom (е. g, O, N, S) is also 
present іп the ring. They are of two types : 


° Non-aromatic heterocyclic compounds. Heterocyclic compounds which resemble 
aliphatic compounds in their properties are called non-aromatic heterocyclic 
compounds. For example, 


/ | \ | М ж = 
0 0 
Oxirane or Oxetane Tetrahydrofuran Tetrahydropyran 


Epoxyethane (THF) or Oxolane or Oxane 


° Aromatic heterocyclic compounds. Heterocyclic compounds which resemble 
benzene and other aromatic compounds in most of their properties are called 
aromatic heterocyclic compounds. For example, 


UUU 


Furan Pyrrole Thiophene 


Another classification of organic compounds is on the basis of the functional group that they 
may contain. 
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Functional Group 


A functional group is an atom or a group of atoms present in a molecule which determines its chemical 
properties. For example, 


—OH (hydroxyl), -CHO (aldehydic), -COOH (carboxylic), etc. 


Homologous Series 


Homologous series is a family of chemically similar organic compounds, all the members of which 
contain the same functional group and any two adjacent (consecutive) members of which differ by a 
—CH, group. 


The members of homologous series show gradation in physical properties and similarity in chemical 
properties. 


Each homologous series can be represented by a general formula. For example, ROH (alcohols), R-X 
(alkyl halides), RCOOH (carboxylic acids), etc. where R is any alkyl group. 


The general formula, the functional group, the common name and IUPAC names of some important 
homologous series are given below : 






































Chain Word Chain Word Chain Word 

length root length root length root 

C, Math C. Peot (a) C, Non 

C, Eth C, Hek (a) Ci, Dec (a) 

C, Prop (a) С, Hept (d) Dia Updec (a) 

C, But (a) C, Oct (a) Gis Dodec (a) 
Isomerism 


Compounds having same molecular formula but different structural formula. 
Types of Isomerism 


Isomerism 
Constitutional / Structural Stereoisomerism 
Configurational Conformational 


geometrical optical 
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3. 


OF ON O Е ав 


Constitutional isomerism — Same molecular formula but different connectivity of atoms, that 
means atoms are bonded ina different sequence inthe molecule. It is of five types. 

Chain 

Position 

Functional 

Metamerism 

Tautomerism 

Ring chain 


Chain isomers – Isomers having different length of parent chain. 
Heptane 2-methylhexane 2, 3-dimethylpentane 2, 2-dimethylpentane 


Position isomers — Isomers having different position of functional group on the same chain of 
carbon atoms. 


“ы у 


But-2-ene But-1-ene 
O “М RUP 
хм О 
Hexan-3-one Hexan-2—one 


Functional isomers – Isomers having different functional groups. 
a. Alcohols and ethers 

CH,CH,CH,OH CH,-O-CH,-CH, 

Propanol Methoxyethane 


b. Aldehydes, ketones and unsaturated alcohols 


0 
CH,CH,CHO сн. Асн, CH,=CH-CH,OH 
propanal propanone prop—2—en-1-ol 


UDAON 


STUDY MATERIAL FOR CHEMISTRY - XI program to give wings to gi students 


c. Acids and ester 
CH,CH,COOH CH,COOCH, 
propanoicacid ^ methylethanoate 


d.  Cyanides and isocyanides 
CH,CH,CN CH,CH,NC 
ethylcyanide ethyl isocyanide 


e. Nitro and nitrite 


сносна“ CH,CH,-0-N-0 
0 


Nitroethane ethylnitrite 


4.  Metamerism - Isomerism in which number of carbon atoms on either side of functional group 
are different. Metamerism can be considered as a special case of position isomerism. 


as л 


ethoxyethane methoxypropane 
CH,-NH-CH,CH,CH, CH,CH,-NH-CH,CH, 
N-methylpropanamine N-ethylethanamine 


5.  Tautomerism 


a.  Arises due to migration of a hydrogen atom from one atom to other within same molecule 
with necessary rearrangement. 


b.  lsomersexistin dynamic equilibrium and are readily interconvertible. 


c.  Acompound can show tautomerism only if it has electron withdrawing groups like СО, 
-NO, and -CN. It should have atleast one acidic hydrogen on a-carbon. 


d. | Compound having quinonoid structure do not show tautomerism. 


0 
a a а 0 
Ён, 0-я ён, Č- CH, CH, - CH,- C. 
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Tautomerism is further classified by naming the functional groups. For example keto-enol 
tautomerism 


0 OH 
CH,- Č- cH, A CH,- C - CH, 


keto form enol form 
6. Ring chain isomerism — Ring-chain isomerism is shown by compounds which have different 
chain length and ring size butthe same molecular formula. For example 
CH,-CH, CH, 
Practice Questions 
1.  Theenolicform of acetone contains 
a 9 sigma bonds, 1 pi bond and 2 lone pairs 
b.  8sigmabonds, 2 pi bonds and 2 lone pairs 
c. 10sigmabonds, 1 pi bond and 1 lone pair 
d. — 9sigmabonds, 2 pi bonds and 1 lone pair 
2.  Amongstthe following, a pair representing tautomerism is: 
a. — CH,-CH,-CN and CH,-CH,-NC 
0 
b. CH,-CH,-CHO and CH,-C-CH, 
OH 
C. CH.--CH, and CH -C-CH, 
d. GF UH-G Had ПОН ОНЫН, 
CH, 
3. Number of constitutional isomers of the formula С.Н, ,Вгіѕ 
a 4 b. 8 
c. 10 d. 6 
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4.  Methoxymethane and ethanol are 

a. functional isomers b. optical isomers 

c. position isomers d. chain isomers 


5. Меїатегѕ of ethyl propionate are 
a. C,H,COOH and HCOOC,H, b. C,H,COOH and CH,COOC,H, 
c. C,H,COOCH,andCH,COOC.H, а. CH,COOC,H, and C,H,COOCH, 


Answers 
1. а 2. Ü d b 
4. a 5. d 
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l|  Stereoisomerism 


Isomers having same connectivity but different arrangement of atoms / groups in space. 


1.  Configurational isomerism-Different spatial arrangements of atoms in a molecule which are 
readily interconvertible without breaking and formation of bonds. 


а. Geometrical isomerism (cis-trans isomerism) : arises because of restricted rotation 
around the double bond. 


~ c ~ c 
CH; H H H 


trans cis 
(identical groups on opposite (identical groups on same 
side) side) 


For cis-trans isomerism, two identical groups should not be present on same sp’ carbon. 


Physical properties of geometrical isomers. 


1.  Meltingpoint. 


3 C > < 
H H H COOH 


mp 130°C mp 303°C 
(cis) (Trans) 


Trans isomer being symmetrical fits well into the crystal lattice and greater energy is required to 
breakthe lattice. 


2.  Boiling point 


Aa a 


b.pt 60.3°C b.pt 48.4°C 


Since cis isomer has higher dipole moment than trans isomer so it has higher boiling point. 
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3. Dipole moment 


2C E 


cis (u = 0) trans (и = O) 
(symmetrical) 


Cis is more polar than trans thus цн cis > u trans. 


Geometrical isomerism in nitrogen compounds aldoxime. (C,H,CH=NOH) 


CH, pon CH: -G-H 
: N- OH HO-N: 
syn anti 
(when hydrogen and hydroxyl (when hydrogen and hydroxyl 
groups are on same side) groups are on opposite sides) 


b. Optical isomerism — Compounds that rotate plane polarized light and are non superimposable 
onits mirror image. 


Polarimeter : An instrument to measure the angle of rotation of plane polarized light. 


Laevorotatory-Optical isomers which rotate plane polarized light to left and are indicated by 
placing a (—) sign before the degree of rotation. 


Dextrorotatory-Optical isomers which rotate plane polarized light to right and are indicated by 
placing a (+) sign before the degree of rotation. 


Chiral carbon-Carbon atom bonded to four different atoms or groups (Asymmetric carbon) 
HO 
H- | - OH 
CH,OH 


An asymmetric or chiral compound rotates the plane of polarized light and is the simplest source 
of optical activity. 
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Enantiomers-Stereoisomers which are non superimposable mirror images. They have same 
physical properties except direction of rotation of plane polarized light and thus they cannot be 
separated by fractional distillation / crystallization. They have same chemical properties towards 
optically inactive reagents. 


Diastereomers—Configurational isomers which are not mirror images. They have different 
physical and chemical properties and can be separated by physical techniques. They exist only 
when a compound has two or more assymetric carbon atoms. 
CH, CH, 
H=—= Br Br=—H 
HO-——H HO—— Н 
CH, CH, 








Meso form-Compounds containing chiral carbon but superimposable on its mirror image. They 
are optically inactive due to presence of plane of symmetry. 


CH, 
H—— Br 
H—- Br 

CH, 


Racemic mixture (or racemic modification) — When both the enantiomers are mixed together in 
the same ratio, the resulting mixture will have zero optical rotation, since the rotation values of 
the two isomers cancel each other (having the same absolute value of rotation but in opposite 
directions). The racemic mixture is thus optically inactive. Racemic mixture is represented by 
placing (+) before the name, as (+) tartaric acid. 





Racemisation—Process of conversion of an enantiomer into a racemic mixture. 


Points to Remember 


Calculation of number of optical isomers : 
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a. Ifthe molecule is not divisible into two identical halves and has n asymmetric carbon 
atoms, number of optically active forms - 2". 


b. If the molecule is divisible into two identical halves and has even number of chiral carbon 
atomsi.e. n 2 2,4,6....., number of optically active forms = 2". 


2. Conformational isomerism-Different spatial arrangements of atoms that result from rotation 
about a C-C single bond in alkanes. Infinite number of spatial arrangements are thus possible. А 
small amount of energy is required for this rotation and thus the rotation is not completely free. 
Each spatial arrangement hence obtained is known as conformation or conformer or rotamer. 


Conformations of ethane 


HH H 
H H 
H 
H a H H 
H 
Eclipsed Staggered 


Staggered conformation—Conformation with 60° dihedral angle. Here atoms attached to the two 
carbons are as far apart as possible. 


Eclipsed conformation-Conformation of 0° dihedral angle. Here atoms attached to the two 
carbons are as close together as possible. All other intermediate conformations may be called as 
skew or gauche conformations. 


Torsional strain—Repulsions between the bonding electrons of the substituents along the axis of 
rotation. 


Conformations of butane. 


CH, CH, CH, CH р 
H CH, H H < 
60° 60° 60° 
Н CH, 
H H H H H H H H 
CH H 
H | CH, 
(1) (1!) (Ш) (IV) 
(gauche) (eclipsed) (anti) (eclipsed) 
or 
(staggered) 
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CH, CH, CH, 
CH, H 
60° 60° 
H 
H H H H 
H 
H 
(V) (VI) 
(gauche) (fully eclipsed) 


Relative stability of conformers of butane 


anti» gauche or skew » eclipsed » fully eclipsed 


Due to steric hinderance in gauche, anti is more stable. But sometimes gauche becomes more 
stable as inthe example below. 


07 ^. 
H H H Ou 
H H H H 
H 
(anti) (gauche) 
No intramolecular Intramolecular H 
H bonding (less stable) bonding (more stable) 


UDAON 


STUDY MATERIAL FOR CHEMISTRY - XI program to give wings to gi students 


Practice Questions 


1. Which ofthe following compounds are chiral? 


Cl 
CH, CH-CH, b. 

a. 3 - < b. — CH,-CH,-CH-COOH 
CH, CH, 

C. CH,-CH-CH;,-CH, d. All of the above 


| 
M 


2. Which of the following compounds possesses a chiral centre? 


H OH H OH 


3. Which of the following compounds will exhibit geometrical isomerism? 
a.  2-butene b. 2-butyne 
C.  2-butanol d. butanal 


4. Isomers which сап be interconverted through rotation around a single bond are 
a. conformers b. diastereomers 


c. enantiomers d. positional isomers 
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5. Ном many optically active stereoisomers are possible for butane—2, 3-diol? 
a. 1 b. 2 
б. d d. 4 


6. Which of the following compounds will show geometrical isomerism. 
a. 1-phenyl-2—-butene b. 3-phenyl-1-butene 
c.  2-phenyl-1-butene d. 1, 1-diphenyl-1-propene 


7.  C-2is rotated anti clockwise 120° about C2-C3 bond. The resulting conformer is 


CH, 


CH, 


a. partially eclipsed b. eclipsed 
C. |J gauche d. staggered 


8. Which among the following pairs are diastereomers? 


COOH COOH 
CH, CH, с H H-È- 0H Ho-6-H 
| = ш ^К; 
* Н Н Н Cl Б Н = = OH and H = = OH 
CH,OH CH,OH 
CHO CHO б | | " 
3. сң,-6-он апа но-б-н 4. br and br 
CH,OH CH,OH e j pr 
a.  only2 b. only1 
C. 1 and 2 d. 1,2and4 


ОО» 
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9. Geometrical isomerism is possible in 


0 
CH4-C-CH 
" 3 D b. CH.CH,-C-C,H. 
C He n CH, C,H,-C-C,H 
. 7 d. 6 75 f 6* '5 
C N-OH OH 
10. Number of stereocentres and stereoisomers of the given compound 
CH, 
OH 
will be 
a. 1апа2 b. 2 and 4 
c.  3and8 d. 3 and 6 
Answers 
1 d 2. b 3 a 4. a 
5 b 6. a 7 С 8. a 
9 C 10. d 
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IUPAC Nomenclature of Simple Monofunctional Organic Compounds. 


Organic chemistry deals with a large number of compounds. A systematic method has been developed 
so that each compound could be methodically named and is known as the IUPAC nomenclature 
(International Union of Pure and Applied Chemistry). 


The IUPAC name of any organic compound essentially consists of three parts, i.e., 
(а) Word root (b) Suffix and (c) Prefix 


° Word root Select the word root to denote the longest possible continuous chain of carbon atoms 
containing the functional group. The word roots for chains containing 1 to 12 carbon atoms are 






































given below: 

General Functional Common IUPAC 
Formula group name name 
R-X -X CX = P, CI, Br, D Alkyl puldes Holo 

R-0X -0X Alcohols 

R-0-R -0- Eithers 

R-CHO -CHO 

PSC = 0 -CHO 

RCOOH -C00H 

R-COCI —COCI 

R-COOR -COOR 

(RCO),0 050 

R-NH, -NH2 

R-C=N -C =N 

R-N=N -N=C 

R-NO, -NO, 

R-0-N-0 -0-N-0 
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The extra 'a' given in parenthesis is used only if the suffix to be added to the word root begins 
with a consonant. For example, 


CH, = CH-CH,-CH,-CH, is pent-l-ene whereas CH,=CH-CH,-CH=CH, is penta -1, 4-diene. 


(i) 


(ii) 
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Suffix- These are of two types: 


Primary suffix. A primary suffix is added to the word root to indicate whether the carbon 
chain is saturated or unsaturated. The three basic primary suffixes are : 


Type of carbon chain | Primary suffix | General name 


Saturated Alkane 


Unsaturated Alkene 
Unsaturated Alkyne 








If the carbon chain contains two, three, four or more double or triple bonds, numerical 
prefixes such as di, tri, tetra, etc. is added before the primary suffix. For example, diene, 
triyne, tetraene, etc. 


Secondary suffix. A secondary suffix is then added to the word root after the primary 
suffix to indicate the functional group present іп the organic compound. Some important 
secondary suffixes are : 


Class of organic compound Functional group Secondary suffix 


1. Alcohols ol 

2. Aldehydes al 

3. Ketones one 

4. Carboxylic acids oic acid 
5. Esters oate 

6. Amides amide 


T. Acid chlorides oyl chloride 


8. Nitriles nitrile 
9. Thiol thiol 


10. Amines amine 
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It may be noted that while adding the secondary suffix to the primary suffix, the terminal 
'e' of the primary suffix (i.e., ane, ene or yne) is dropped if the secondary suffix begins with 
avowel, butis retained if the secondary suffix begins with a consonant. For example, 


Organic compound mmt eme s Secondary suffix | IUPAC name 


CH,CH,OH Ethanol 
CH,CH,CN n ane nitrile Propanenitrile 











° Prefix. Like suffixes, prefixes are also of two types: 


(i) Primary prefix. A primary prefix is used simply to distinguish cyclic from acyclic 
compounds. For example, in case of carbocyclic compounds, a primary suffix cyclo is 
used immediately before the word root. Thus, 


CH; 
CH, CH, 
H.— CH, 
Cyclo + Pent + апе =  Cyclopentane 
Primary Word Primary IUPAC 
prefix root suffix name 


(ii) ^ Secondary prefix. In IUPAC system of nomenclature, certain groups are not considered as 
functional groups but instead are treated as substituents. These are called secondary 
prefixes and are added immediately before the word root (or the primary suffix in case of 
carbocyclic compounds) in alphabetical order to denote the substituent groups or the side 
chains. 


The secondary prefixes for some groups which are always treated as substituent groups 
(regardless of the fact whether the organic compound is monofunctional or 
polyfunctional) are given below : 


Subsitituent group Secondary prefix Substituent group Secondary prefix 


Fluoro -ОСН, (ог-ОМе) Methoxy 
Chloro —OC.H, (orOEt) Ethoxy 


Bromo -CH, (or-Me) Methyl 
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—C,H, (or-Et) Ethyl 
—CH,CH,CH, (or-Pr) | n-Propyl 
-CH(CH,), Isopropyl 


-C(CH,), t-Butyl or 
tert-Butyl 





For example, к енын 
F OCH, 


2—Fluoro-4-methoxypentane 
IUPAC Nomenclature of Branched Chain and Complex Organic Compounds 
° Longest continuous chain or the parent chain. 


Select the longest continuous chain of carbon atoms in the molecule. This is called the longest 
chain or the parent chain while the rest of the carbon chains are called the side chains or 
substituents. 


. Rule for larger number of side chains. If two chains contain the same number of carbon atoms 
then the one containing a larger number of side chains is considered the parent chain. For 
example, 


Hs M | 


Parent chain contains one alkyl substituent (wrong). 
° Lowest locant rule. If only one side chain is present, the carbon atoms of the parent chain are 


numbered in such a way that the side chain gets the lowest possible number called the locant. 
For example, the correct locant for the CH, side chain in structure (1) is З and not 4. 
CH, CH, 
1 2 3 4 5 6 6 5 4 3 2 1 
bH.GH,-CH-CHCH,CH, ISRCESICH 
| (correct) Il (wrong) 
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° If more than one side chains are present then numbering is done so as to give smallest possible 
number to all the substituents. 


CH,CH, Снн, 
бңубн-ононон— CRGO CH-CH.CH 
CH,CH,CH, CH,CH,CH, 
| (correct) Il (wrong) 


CH. CH-GH-CH-CH,-GH-CH,CH, 3, 4, 6 — Trimethyl octane (correct) 
CH, CH, CH, 3, 5, 6 – Trimethyl octane (wrong) 


° Alphabetical order of the simple substituents. 


When two or more simple substituents (i.e., unbranched alkyl groups) are present on the parent 
chain, each alkyl group prefixed by its locant is arranged in alphabetical order (irrespective of its 
locant) before the name of the parent alkane. For example : 


1 2 3 4 5 6 
CH4-CH-CHCH,CH,CH, 
CH, CH,CH, 
3-Ethyl-2-methylhexane 


° Numbering of different substituents at equivalent positions. When two different substituents 
are present at equivalent positions, the numbering of the parent chain is done in such a way that 
the substituent which comes first in the alphabetical order (written first in the name) gets the 
lower number. 


9 8 7 6 5 4 3 2 1 
ELE H-CH,-CH,-C im um Н» 
CH, CH,CH, 
3-Ethyl-7-methyInonane 


° Numerical prefixes-Naming same substituent at different positions. When the same 
substituent occurs more than once on the parent chain at the same or different positions, the 
locants of each substituent are separated by commas and suitable numerical prefixes such as 
di" (for two), 'tri' (for three), tetra (for four), etc. are attached to the name of the substituents. 
However, the prefixes di, tri, etc. are not considered while deciding the alphabetical order of the 


alkyl groups. 
CH, CH, 
1 2 3 1 2 3 
on icon CH, - 6 - CH - CH, - CH, 
CH, CH, CH;-CH;-CH; 
2, 2-Dimethylpropane 3-Ethyl-2, 2-Dimethylhexane 
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Naming the complex substituent (or branched substituent). In case the substituent on the 
parent chain is complex (i.e., it has branched chain), it is named as a substituted alkyl group by 
separately numbering the carbon atoms of this substituted alkyl group with the carbon atom 
attached to the parent chain being counted as 1. The name of such a substituent is always 
enclosed in brackets to avoid confusion with the numbers of the parent chain. 


The prefix iso-and other related common ones are allowed by the IUPAC nomenclature for 
naming alkyl groups as long as they are not further substituted, whereas the prefixes sec— and 
tert-are not allowed. 


LL Complex Substituent 


: ОН, | 
1 2 3 4 5 6 1 2 3 : 
оо iin cin reti atn, 
CH, CH, CH,-CH,-CH,-CH, 

2, 3-Dimethyl-6-(methylpropyl)decane 


If there are two chains of equal length, then the chain containing more number of side chains is 
selected. 


Nomenclature of Unsaturated Hydrocarbons (Alkenes and Alkynes) 


The parent chain must contain the multiple bond regardless of the fact whether it also denotes 
the longest continuous chain of carbon atoms or not. For example, in structure (1), the parent 
chain consists of five carbon atoms while the longest continuous chain contains six carbon 
atoms. 


If both double and triple bonds are present, the numbering of the parent chain should always be 
done from that end which is nearer to the double or the triple bond, i.e., the lowest locant rule for 
the multiple bonds must be followed. For example, 

1 2 3 4 5.6 7 8 

CH,-CH=CH-CH,-C=C-CH,-CH, ааваа 


5 4 3 2 1 
Correct numbering, set of locants - 2, 5 Wrong numbering, set of locants = 3, 6 
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° If, however, there is a choice in numbering, the double bond is always given preference over the 
triple bond. For example, 


5 4 8 2 1+— Correct numbering 
HC=C-CH,-CH=CH 


2 Я 
5 <— Wrong numbering 


° According to the latest convention (1993 recommendations) while naming unsaturated 
hydrocarbons, the locant of the double bond or that of the triple bond is placed immediately 
before the suffix 'ene' or the 'yne' and not before the word root as was the practice being 
followed earlier. For example, 


CH, 
4 3 2 1 4 | 2 1 
CH,-CH=CH-CH, CH,-CH-C=CH 
But-2-ene 3-Methylbut-1-yne 
(formerly-2-butene) (formerly-3-methyl-1-butyne) 


° If however, both double and triple bonds are present in the compound, their locants are placed 
immediately before their respective suffixes and the terminal *e* from the suffix 'ene' is omitted 
while writing its complete name. 


5 4 3 2 1 
CH,-CH=CH-C=CH 
Pent + 3-en(g) + 1-yne 


= Pent-3-en-1-yne 
(formerly-3-penten-1-yne) 
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Practice Questions 
1.  Thename of CICH;-C-C-CH.CI according to IUPAC nomenclature system is 


Br Br 
a.  2,3-dibromo-1, 4-dichlorobut-2-ene b. 1, 4-dichloro-2, 3-dibromobut-2-ene 
c. — dichlorodiboromobutene d. dichlorodibromobutane 


2.  ThelUPAC name of BrCH,CH,OCH=CH, is 


a.  1-bromo-2-ethoxy ethene b.  (2-bromoethoxy) ethene 

с. . 2-bromo-2-ethenylethane d. — 2-bromoethyl ethenyl ether 
3. The IUPAC name of CH,=CH-C=C-CH,OH is 

a.  2-pentyn-4—-en-1-ol b. | pent-4-en-2-yn-1-ol 

C. — 1-penten-3-yn-5-ol d. — 5-hydroxy-1-penten-3-yne 


4. The IUPAC name of CH,CH,-C-C-(- CH; CH, is 
0 


a. | 3-0xo-2-heptyne b.  hept-3-yn—4—-oxone 
c.  hept-4-yn-3-one d.  Xhept-3-en-4-one 


5. The IUPAC name of HC = C-CH,CN is 
a. | 3-Cyanopropyne b.  but-3-yne-1-nitrile 
c. 2-ргорупу! cyanide d. — but-1-yne-3-nitrile 


6.  Indicate the wrongly named compound 


CH.-GH-CH,-CH;-CHO CH.-CH-C = C-COOH 
a. CH, b. CH, 
(4-Methyl-1-pentanal) (4-Methylpent-2-yn-1-oic acid) 
CH,CH,CH-CH-COOH i 
C. CH, d. —CH,CH,-CH = CH-C-CH, 
(2-Methyl-1-pentanoic acid) (3-Hexen-5-one) 
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7. Which of the following compound has wrong IUPAC name? 


CH,-CH,-CH,-COO-CH,CH, UI sn ene 
а. р. CH, 
ethyl butanoate 
3-methylbutanal 


е уои 
C. OH CH, d. СН, 0 
2-methyl-3-butanol 2-methyl-3-pentanone 


8. Тһе IUPAC name of (CH,),C-C=CH, is 


CH,OH 
a. 2—(1, 1-dimethylethyl) prop-1—en-3-ol 
b. 2-(1, 1-dimethylethyl) prop-2-en-1-ol 
с.  2-hydroxymethyl-3, 3-dimethyl-1—butene 


2, 2-dimethyl-3-hydroxymethylbut-3-ene 


9. IUPAC name of CH = C - CH, - CH = CH, 
a. pent-2—en—4-yne b.  pent-i-yn-3-ene 
c. X pent-1—en-4-yne d. | pent-2-en-5-yne 
10. IUPAC name of neopentane is 
a.  2,2-dimethylpropane b.  2-methlypropane 
c.  2,2-dimethylbutane d. 2-methylbutane 


CH 
11. The IUPAC name of CH,-C=C-CH-CH=CH, is 


CH,CH, 
a.  2-Ethyl-3-methylhex-1—-en-4-yne 
b.  5-Ethyl-4-methyl-hex-2-yn-5-ene 
c. 3-Methylene-4-methylhept-5-yne 


5-Methylene-5-ethyl-4-methylhept-2-yne 
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12. The IUPAC name of the compound CH,COGH-GH-CO0H, is 
CI 1 


Answers 


© о с mp 


2-|lodo-3-chloro-4-pentanoic acid 


4-Oxo-3-chloro-2-iodo pentanoic acid 


4—Carboxy—4, 3-chloro-2-butanone 


3-Chloro-2-iodo-4-oxopentanoic acid 


a 2. 
C 5. 
C 8. 
a 11. 


oO C OC c 


12. 
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Nomenclature of Polyfunctional Organic Compounds 


Organic compounds which contain two or more functional groups are called polyfunctional 
compounds. Their IUPAC names are obtained as follows: 





Principal functional group. If the organic compound contains two or more functional groups, 
one of the functional groups is selected as the principal functional group while all the remaining 
functional groups (also called the secondary functional groups) are treated as substituents. The 
following order of preference is used while selecting the principal functional group. 


Amine salts > carboxylic acids > sulphonic acids > anhydrides > esters > acid chlorides > 
acid amides > nitriles > isonitriles > aldehydes > ketones > alcohols > phenols > thiols > 
amines. 


All the remaining functional groups such as halo (fluoro, chloro, bromo, iodo), nitroso (-NO), 
nitro (-NO,), alkoxy (-OR), alkyl (R), phenyl (—C,H,), etc, are always treated as substituent 
groups. 


The prefixes for some secondary functional groups are given below: 


Secondary functional group =| Secondary functional | Prefix 
group 


-X (F, Cl, Br, I) Halo N-Alkyl amino 
Hydroxy N, N-Dialkylamino 
Sulphanyl* Cyano 
Alkoxy Carboxy 


Formyl Alkoxycarbonyl or 
Carb alkoxy 


Oxo Halocarbonyl 


Amino Carbamoyl 





The rules of IUPAC nomenclature for these compounds are, 


Selecting the principal chain. Select the longest continuous chain of carbon atoms containing 
the principal functional group and maximum number of secondary functional groups and 
multiple bonds. 


Numbering the principal chain. Number the principal chain in such a way that the principal 
functional group gets the lowest possible locant followed by double/triple bond. 
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° Alphabetical order. Identify the prefixes and the locants for the secondary functional groups and 
other substituents and place them in alphabetical order before the word root: 
CH, с = CH-COOH 
OH 
Organic compounds may be sometimes represented by bond-line notation. 


In this notation, bonds are represented by lines and carbon atoms by line ends and intersections. It is 
assumed that required number of H-atoms are present wherever they are necessary to satisfy 
tetracovalency of carbon. For example, 


CH 
сң=б CH=CH, is represented as pP 


2-Methylbuta-1, 3-diene 3 
(Isoprene) 2-Methylbuta-1, 3-diene 





4-Ethylhex-4-en-2-ol 


Rules for IUPAC Nomenclature of Alicyclic Compounds 
The following rules are generally followed : 


° The names of alicyclic compounds are obtained by adding the prefix 'cyclo' to the name of the 
corresponding straight chain hydrocarbon (alkane, alkene or alkyne). 


_ ОО 


Cyclobutane Cyclopentane Cyclohexane Cyclopentene 
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° If two or more alkyl groups or other substituent groups are present in the ring, their positions are 
indicated by numerals, such as 1, 2, 3, 4.....etc. While numbering the carbon atoms of the ring, 
the substituent which comes first in the alphabetical order is given the lowest number provided 
it does not violate the lowest locant rule. For example, 


CH, C 
CH, 2 CH,CH, 
1 
2 


1,2-Dimethylcyclopentane 1-Ethyl-2-methylcyclohexane 


° If the ring contains more or equal number of carbon atoms as the alkyl group attached to it, it is 
named as a derivative of cycloalkane and the alkyl group is treated as a substituent group, 
otherwise it is named as a derivative of alkane and the cycloalkyl group is considered as a 
substituent group. For example, 


CH, ET CH, -CH, CH,CH,CH,CH,CH, CH4-CH,-CH-CH,-CH, 
(2-Butyl) cyclohexane or Pentylcyclopentane 3-Cyclobutylpentane 


sec-Butylcyclohexane or 
(1-Methylpropyl) cyclohexane 


° If, however, the side chain contains a multiple bond or a functional group, the alicyclic ring is 
treated as the substituent irrespective ofthe size of the ring. For example, 


CH, -CH- CH, CH- CH- ĉo- CH, 
3-Cyclopropylprop-1-ene 4-Cyclohexylbut-3-en-2-one 
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° If a multiple (double or triple) bond and some other substituents are present in the ring, the 
numbering is done in such a way that the carbon atoms of the multiple bond get lowest locants 1 
and 2and also the substituents getthe lower locants atthe first point of difference. For example, 


CH, 
5 
ex 
4 1 
3 


1, 5-Dimethylcyclopent-1-ene 


° If the ring contains a multiple bond and the side chain contains a functional group, then the ring 
is treated as the substituent and the compound is named as a derivative of the side chain. For 


example, : 


| 
CH, CH-CH,OH 


MOX -3-en-1- » propan-1-ol 


° If the ring as well as the side chain contain functional groups, the compound is named as a 
derivative of the side chain or the alicyclic ring depending on wheather the side chain or the ring 
contains, the principal functional group. For example, 


2 1 
ana 


3-(4-Nitrocyclohex-1-en-1-yl)prop-2-en-1-oic acid 


-(2-Hydroxypropyl) cyclohexan-1-one 
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° If, however, the alicyclic ring and the side chain contain the same functional group, the 
compound is named as a derivative of the side chain or the ring according as the side chain or 
the ring contains higher number of carbon atoms. For example, 


OH 


"otis 
CH,-CH-CH,CH, 
1 2 3 4 


2-(2-Hydroxylbut-1-yl)cyclohexan-1-ol 


° If a compound contains an alicyclic ring directly linked to the benzene ring, it is named as a 
derivative of benzene, i.e. the compound having lowest state of hydrogenation. For example, 


2-0) 


Cyclohexylbenzene 


If an alicyclic ring is directly attached to a carbon containing functional group, the carbon atom 
of the functional group is not included in the parent name of the alicyclic system. Therefore, for 
such systems, the following prefixes and suffixes forthe functional group are commonly used 


Functional group 


-CHO Formyl Carbaldehyde 
—COOH Carboxy Carboxylic acid 
-СОХ (X = Е Cl, Br, 1) Halocarbonyl Carbonyl halide 


-COOR Alkoxycarbonyl or Alkyl carboxylate 
Carbalkoxy 


—CONH, Carbamoyl Carboxamide 
-CN Cyano Carbonitrile 
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For example, 
N HO 0 
CHO 
Cyclohexane- Cyclohexane- 2-Oxocyclohexane- 
carbonitrile carbaldehyde 1-carbaldehyde 
00H ONH, OCI 
Cyclohexane- Cyclohexane- Cyclohexane- 
carboxylic acid carboxamide carbonyl 
chloride 


Nomenclature of Aromatic Compounds 


° When giving IUPAC names to substituted benzene compounds, the prefix of the substituent is 
used before the word benzene. Also, the common names of many substituted benzene 
compounds are also accepted, for example, 


оос 


Methylbenzene Aminobenzene Methoxy benzene 
(Toluene) (Aniline) (Anisole) 


° When an aromatic compound contains two or more functional groups, it is named as a 
derivative of the compound with the principal functional group at position 1. For example, 


© @ 


4-Nitrobenzoic acid (COOH is the 2-Aminophenol (OH is the 
principal functional group while principal functional group while 
NO, is the substituent group) NH, is the substituent group) 
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In case three or more functional groups are present they are named in alphabetical order. For 





example, 
0,H HO 
1 1 
3 3 
4 Вг 4 OCH, 
OH OH 
4-lodo-2-methylphenol (OH is the 3-Bromo-4-hydroxybenzoic acid 4-Hydroxy-3-methoxybenzaldehyde 
principal functional group) (-COOH is the principal functional group) (-CHO is the principal functional group) 


° If all the functional groups present in the benzene ring are such which are normally treated as 
substituent groups, the various groups are arranged in alphabetical order with the group named 
first in the alphabetical order getting the lowest locant provided it does not violate the lowest 
locant rule for all the substituents. for example, 


a. Q. Q. Q 


1-Bromo-3-chlorobenzene 1-Bromo-3, 5-dichlorobenzene 


4-Ethyl-1fluoro-2-nitrobenzene 1-Ethyl-4-fluoro-3-nitrobenzene 
Locants : 1, 2, 4 Locants : 1, 3, 4 
(correct) (incorrect) 


° When a substituent is such which when taken together with the benzene ring gives a special 
name to the molecule, then it is named as a derivative of that molecule with the substituent at 
position |. for example, 





NH, 
1 
O.N CH, 
2 
3^ CH,CH, 
2, 4, 6-Trinitrotoluene 3-Ethyl-2-methylanitine 


° When a benzene ring is attached to an aliphatic compound having a functional group, itis named 
as a phenyl derivative of that aliphatic compound. For example, 
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0 OH 
2 1 | 4 3 2 1 
CH,CH,OH CH,-C-0H CH,-CH-CH,-CHO 
2-Phenylethanol Phenylethanoic acid 3-Hydroxy-4-phenylbutanal 


If, however, the benzene ring is attached to an alkane, it is named as a derivative of the bigger 
structural unit. For example, i 4 
CH,-CH-CH,CH,CH,CH,CH, 


CH,CH,CH,CH, 


(1-Butyl)benzene 2-Phenylheptane 


However, simple phenyl substituted alkenes and alkynes are named either as derivative of 
benzene or the alkene / alkyne. For example, 


Ch, 
a 3 4 1 2 
=CH-CH, CH,-C=C-CH, 
But-2-en-2-ylbenzene or 2-Phenylbut-2-ene But-2-yn-1-ylbenzene or 1-Phenylbut-2-yne 
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Practice Questions 
1. Тһе IUPAC name of EL Rr - к. is 


OH CH, 
a.  4-hydroxy-1-methylpentanal b.  4-hydroxy-2-methylpent-2—-en-1-al 
c. . 2-hydroxy-4-methylpent-3-en-5-al d.  2-hydroxy-3-methylpent-2—-en-5-al 
0 CN 
2. Тһе IUPAC name of the compound он-он 6-0, is 
CH, 
a. _ 2-cyano—2—methyl-4—oxopentane b.  4-cyano-4-methyl-2-pentanone 
c. _ 4-cyano-4-methyl-2-oxopentane d.  2,2dimethyl-4—oxo-pentanenitrile 
3. Мате of the compound given below is 
CH, 
H.C 
CH, 
CH, 
a.  4-ethyl-3-methyloctane b.  3-methyl-4-ethyloctane 
C. 2, 3-diethylheptane d.  5-ethyl-6-methyloctane 
О CH-CH-CH, 
4. The IUPAC name of CH -6-CH-CH.-C = СН іѕ 
а.  4-acetylhex-5-en-1-yne b.  3-(prop-2-ynyl) hex-4-en-2-one 


Cc.  3-(prop-2-enyl) hex-4-yn-2-one d.  4-acetylhex-2—-en-6-yne 


5. The IUPAC name of (C,H,), CHCH,OH is 
a.  2-Ethylbutan-1-—ol b.  2-Methylpentan-1-ol 
c.  2-Ethylpentan-1-ol d.  3-Ethylbutan-1-—ol 
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COOH 
6. Тһе IUPAC name of N is 
HOOC 

a. — 6-carboxy-2, 5-dimethylpent-3-enoic acid 
b.  6-carboxy-2, 3-dimethylhept-4—enoic acid 
C. 2,3, 6-trimethylhept-4—ene-1, 7—dioic acid 

2, 5, 6-trimethylhept-3—-ene-1, 7-dioic acid 

CI 
7. The IUPAC name of is 
0 

a.  2,3-dimethylpentanoyl chloride b. 3, 4-dimethylpentanoyl chloride 
c. .-chloro-1—0x0-2, 3-dimethylpentane d. ^ 2-ethyl-3-methylbutanoyl chloride 
8.  ThelUPAC name of the given compound, is 
a. 2-сусІоһехуІбиїапе b.  1-cyclohexyl-1-ethylethane 
c. . (12methylpropyl) cyclohexane d.  1-cyclohexyl-1-methylpropane 
9. The IUPAC name of the compound, is 
a. 3-сусІорепіуІһехапе b.  4-cyclopentylhexane 
c.  S3-hexylcyclopentane d.  4-hexylcyclopentane 
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0 
NCH, , 

10. The IUPAC name of is 
a.  acetylcyclohexadiene b.  1-cyclohexa-2, 4-dienylethanone 
C. . 6-cyclohexa-1, 3-dienylethanone d. попе of these 
11. Thecorrect decreasing order of priority for the functional groups of organic compounds in the 

IUPAC system of nomenclature is 
a. —S0,H, -COOH, -CONH,, -CHO b.  -CHO, -COOH, -50,H, -CONH, 
c. -СОМН,, -CHO, -SO,H, -COOH d. —COOH, -SO,H, -CONH,, CHO 

CHO 
12. The IUPAC name of CH.-C-CH,OH is 
CH, 
a.  2-formyl-2-methyl-1-propanol b.  2,2-dimethyl-3-hydroxypropanal 
c. . 2-formyl-2-(hydroxymethyl) propane d. — 2-(hydroxymethyl) —2-methylpropanal 
Q 

13. The IUPAC name of the compound p is 
a.  Ethoxybutane b.  1-Ethoxy-2-propanone 
c.  4-Ethoxy-2-butanone d.  1-Ethoxy-3-butanone 
Answer 

1. b 2. d 9. а 4. b 5. а 

6. d T. a 8. c 9. a 10. b 


11. d 12. b 13. c 
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Basic Principles of Organic Chemistry-I 


Bond Fission & Reactive Intermediates 
Types of bond fission 


1.  Homolytic bond fission — If a covalent bond breaks in such a way that each atom takes away one 
electron of the shared pair. 
гета кд + B 
free radicals 
° Occurs in non polar bonds 


. Favoured by high temperature, UV radiations, presence of radical initiators such as 
peroxides. 


RO—OR—> 280 : CI—CI—»2CÍ 


2.  Heterolytic bond fission — When a covalent bond breaks in such a way that both the electrons of 
covalent bond are taken by one of the bonded atoms. 


jb eB vy ABE 
(B is more electronegative than A) (A is more electronegative than B) 
It results in the formation of charged species i.e. carbocations and carbanions. 
° Occurs in polar covalent bonds. 


. Favoured by polar solvents. 


Thethree important reaction intermediates generated by the bond fission are : 


|. | Carbocations are electron deficient species and have only three shared pairs of electrons (or 6 
electrons) around the carbon and thus have positive charge. They are formed by heterolytic 
cleavage of covalent bonds in which the leaving group takes away with it shared pair of 
electrons. 


ксн), —» (CH,),C* + СГ 
carbocation 


396 


UDOON 


Aprogram to gwe wings ogni охе ORGANIC CHEMISTRY-Some Basic Principles & Technique 


Carbocations can be classified into the following groups, 


1. Alkyl carbocations 


When positive charge is present on the alkyl carbon, carbocation is known as alkyl 
carbocation. 


Stability of alkyl carbocations can be explained by 
a.  Inductive effect b.  Hyperconjugation 
According to these two effects the stability order is as follows : 


Ф e e Ф 

к > R-CH-R > R-CH, » CH, 

R 
3° 2° 1° 


If o--atom with respect to carbocationic carbon has one or more than one lone pair of 
electrons then lone pair of electrons strongly stabilizes a carbocation due to 
delocalization. 


^^ > " 
HON + 
се 


cH.GveH, > vpn 


| В 


e 
CH,0=CH, 


Vinyl carbocation : When positive charge is present on vinylic carbon then carbocation is known 


e 
as vinyl carbocation; H,C = CH. 


This carbocation is the least stable because positive charge is present on the electronegative 
carbon. 
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3.  Allylcarbocation: (CH, = CH-CH,) 
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When positive charge is present on the allylic carbon of the allyl group, the carbocation is 
known as allyl carbocation. 


Allyl carbocations are more stable than alkyl carbocations due to resonance. 
Stability of primary, Secondary and tertiary allyl carbocations can be compared by (a) 
Inductive effect (b) Hyperconjugation (c) Resonance. 

њо-он--А > H,C-CH-CH-R > H,C=CH-CH, 


R 
3° 2° 1° 


Phenyl methyl carbocations 


When positive charge is present on benzyl carbon, carbocation is known as phenyl methyl 
carbocation. 


Phenyl methyl carbocations are of three types : 


e 


C,H, -G- 0H, 
К е | 
C,H, -CH, C,H, -CH-C,H, C,H, 
benzyl carbocation or Diphenyl methyl Triphenyl methyl 
Phenyl methyl carbocation carbocation carbocation 
(1° carbocation) (2° carbocation) (3° carbocation) 


Stability of phenyl methyl carbocations can be explained by resonance. 


Structure : GR CTEGA, о е. БИЕК Т! 
C.H; 
No of resonating structures 10 l 4 


Greater the number of resonating structures, greater is the stability. 


Cyclopropy! methyl carbocations 


(i) 


These carbocations are very stable carbocations. They are more stable than benzyl 
carbocations. 
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(ii) | Stability of cyclopropyl methyl carbocations increases with every cyclopropyl group. 
Thus, additional cyclopropyl group has cumulative additive effect on stability. Thus, 


e 
e e 
b | « - [9 - ti 
(iii) The special stability is a result of conjugation between the bent orbitals of the cyclopropyl 


ring and the vacant p-orbital of the cationic carbon. 


Stability of different types of carbocations in decreasing order: 


[^4] - Daaa > C] > (С.Н), > (C,H.), ЁН, > 


eo o eo eo eo e eo 
CHCHH.C=CH-CHR-O-R > А-н R-CH, > CH, > H,C-CH 
R 


Based on their stability carbocations undergo rearrangement as follows, 
1.  Hydrideshift 


CH, CH, 
ENS TE H'shift ET 
CH,-C-CH-CH, — CH, C CH,CH, 
2" carbocation (less stable) 3° carbocation (more stable) 
2.  alkylshift 
CH, CH, 
A ц methyl he 
CH,-C-CH-CH, — iit CH,- C ңа CH, 
CH, CH, 
2" carbocation (less stable) 3° carbocation (more stable) 
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3.  Ringexpansion 


Оњу 


It releases strain of smaller rings and increases stability. Rearrangement occurs from a 
positions and produces more stable carbocation. 


Carbanion 


ll. | Carbanion — Species bearing a negative charge on carbon and possessing eight electrons in its 
valence shell. These are produced by heterolytic cleavage of covalent bonds in which shared pair 
of electrons remain with the carbon atom. 


e X N o 
HO + H-CH,CHO ——> H,0 + CH,-CHO 


carbanion 


Stability of carbanions can be explained by 
1.  Inductive effect 
(a) +l effect 


CH, > А ->— GH, > R->— CH —<R > R>— <В 
R 


Greater the +1 effect, lower is the stability 
(b  -leffect 
e e e e 
| —< CH, < Br —«- CH, < Gl ——«- CH, < Е —«- CH, 
Greater the —l effect, greater is the stability 


2.  Electronegativity of carbanionic carbon 


Stability of carbanion depends on the % S character of carbanionic carbon. Greater the s 
character, greater is the stability. 


400 


UDOON 


Apogamtogvewngstogisues ORGANIC CHEMISTRY-Some Basic Principles & Technique 


e e Ө 
CH,- CH, < CH, CH < CH=C 
1 Ї 1 
sp? sp sp 
s character 25% 33% 50% 
3.  Delocalisation or Resonance 
Allyl and benzyl carbanions are stabilized by delocalisation of negative charge. 
CH,-CH-CH, < GH,-CH, « CHICH < (С.н), 
resonating structures 2 4 T 10 


Greater the number of resonating structures, greater is the stability. 


Stability of different types of carbanions in decreasing order : 


Benzyl carbanion > Allyl carbanion > НС = C > H,C = CH > Alkyl carbanion 


Free Radicals 


Ill. Free radicals — Atom or group of atoms having odd or unpaired electron. They are produced by 
homolytic cleavage of covalent bond. 


CHO CH, 9 > CH, + CH, 


3 
° There are seven electrons in the outermost orbit of carbon free radicals. 


° Owing to the presence of an odd electron, a carbon radical is paramagnetic in nature. Due 
tothis reason free radicals are highly reactive. 


° Free radicals are neutral electrophiles. 


Stability of free radicals can be explained by 


1. Inductive effect : Since free radicals are electron deficient species, presence of electron 
releasing groups will have a stabilizing effect on them. And the stability order will be, 


Tertiary > secondary > primary > CH, 


2.  Hyperconjugation: Stability of alkyl free radicals can be explained by the number of contributing 
structures formed due to hyperconjugation. Since the delocalization is due to the presence of 
a-hydrogens (H's attached to o. — C), more the number of o—hydrogens more contributing 
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structures are formed. Thus the stability order is, 


(CH)C > — (CH,),CH > CH,CH, > CH, 


9 contributing 6 contributing 3 contributing No contributing 
structures structures structures structure 


3. Resonance: The stability of allyl and benzyl free radicals can be explained by resonance. 


Stability of allyl and benzyl free radicals 

Stability of these radicals can be explained by delocalisation or resonance. 
Structure (С.Н.), > (C,H.),CH > C,H, CH, > H,C = CH - CH, 
No. of resonating structures : 10 y 4 2 

Allyl and benzyl radicals are more stable than alkyl radicals. 


Overall Stability order 
(C,H.),C > (C,H,),CH > C,H.CH, > CH, = CH - CH, > (CH,),Ó > (CH,),CH > CH,CH, > CH, > CH, = CH > 
CH=C (hyperconjugation and resonance) 
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Practice Questions 
1. The correct stability order for the following species is 


(1) (11) (Il) (IV) 


a. (Il) > (IV) > (I) > (11) b. = (I) > (II) > (II) > (IV) 
C. (Il) > (I) > (IV) > (II) d. (I) > (IIl) > (II) > (IV) 
2.  Thecompound which gives the most stable carbocation by losing OH, is 

CH, 

а. НЕОН b. OH. --0H 

CH, CH, 

OH 

C. CH,-CH,-CH,-CH,OH d. CH,-CH-CH,-CH, 


3. | Which one of the following carbocations is most stable? 


Ф 
а. | b. онен, 


Ф 
с. d.  CH,-CH-CH, 
Ф 


4. Тһе order of stability of the following carbocations. 


e 


CH, 
e Ф 
СН, = CH-CH, CH,-CH,-CH, is 


(1) (11) (Il) 
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а ШІ b. I> I> 
c. 1 d. 11 


5. Which of the following pairs is / are correctly matched? 


l. Carbocation : electrophile I. | Free radical : paramagnetic 
Ill. Сагрепе : Incomplete octet IV. Carbanion : Incomplete octet 
a. Only | b. land Il 
C. I, Il, Hand IV d. land Ill 
6. Which free radical is most stable? 
a — CGH-CH, b. H,C-CH-CH, 
c.  CH.-CH-CH, d.  CH.-C-CH, 
CH, 
7. . Which allylic carbocation is the most stable? 
a. — CH,-CH = CH-CH, b.  CH,-CH = CH-CH-CH, 
c. СН,-СН = сн-(-сн, d. А! have same stability 
CH, 
8. Consider the following carbanions : 
L CH,- CH, IL HC - CH 
Il. HC=C 
Correct order of stability of these carbanions in decreasing order is : 
à — I> Il IIl b. ШІ 
с. 11 d. Il >t > Il 


9. Arrange the given carbanions in decreasing order of their stability : 
ө ө 


| (CH),-C I. CCl, 
Il. (Сн), CH IV. C,H,- CH, 

a. III М> b. I> Ills IV» 
с.о М> > d. >>> IV 
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10. Which of the following contains three pairs of electrons in the valence shell? 
a.  Carbocations b.  Carbanions 


6. Free radicals d.  Allof these 


11. Arrange the given carbocations in decreasing order of stability 
CH, CH, CH, Ф 


Q 


NHCOCH, OH NH, Cl 
| I П IV 


a. l>ll>lll >lV b. Ill>ll>l>lV 
c. IV>l>lli>lll d.  ll>lll>l>lV 
12. Consider the following carbocations & give decreasing order of stability 


i — GH.-CH, i C.H.-CH,-CH, 
Ill. — C.H.-CH-CH, №. GH-G(CH,), 
а dll» Ill» IV b. I» Ill» IV 
& М> d. МТИ 


13. Which carbocation is the most stable? 


Ф 
CH, CH, 
a b. 
CH, OH 
e 
CH, CH, 
C d. 
CI NO, 


405 


UDOON 


STUDY MATERIAL FOR CHEMISTRY - XI program to give wings to gi students 


14. Which one of the carbanions is most stable? 


CH, CH, 
NO, 
а b. 
NO, 
Ө 
CH, CH, 


à b C,H,-CH, 
$ 
ө 
с. CGH-GH-C.H, аа 
СН, 
Answers 
1 d 2 b B. à 4 d 
9 d 6 а 7 C 8 b 
9 C TU. a 11. һ 12. d 
13 14. a 15 d 
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NUCLEOPHILES AND ELECTROPHILES 


Reagents in organic chemistry can be broadly classified as electrophilic or nucleophilic reagents. 
Some of their features are, 


Electrophiles 


Electron loving species 

May be positively charged or neutral 

Positive electrophiles — Н“, Cl’, NO,, В, NO 

Neutral electrophiles — SO., BF., AICI,, Ё, : CR, (carbenes), : NR (nitrenes), FeCl,, SnCI,. 
Being electron deficient, they act as Lewis acids and accepta pair of electrons. 


Attack the substrate molecule at the site of highest electron density, to form a covalent 
bond. 


Nucleophiles 


Nucleus loving species 

May be negatively charged or neutral 

Negative nucleophiles — Н”, CI, Г, СА, NH,, RCOO, В 

Neutral necleophiles — H,0, NH,, АМН, R-O-H, R-O-R, R-MgX 

Being electron rich, they act as Lewis bases and attack on electrophilic carbon. 

Attack the substrate molecule at the site of lowest electron density. 

Ambident nucleophiles — Species having two nucleophilic centres, for example C =N:. 
Compounds which behave as electrophile as well as nucleophile 


Compound in which carbon is bonded with electronegative atom (0,N,S) by multiple bond 


ME NEN EE al 
R-C-H, R-C-R, R-C-0H, R-C-CI, R-C—OR, R-C-NH,, R-C=N 


Electron Displacements in a covalent bond 


Electron displacements may take place in an organic compound, either due to the presence of an atom 
or group attached to itor inthe presence of anattacking reagent. Such electron displacements are. 
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1. inductive effect — Displacement of c electrons along a saturated carbon chain whenever an 
electron withdrawing or electron donating group is present at the end of the carbon chain. 


° permanent effect 
° weakens with increasing distance from the substituent 


+l effect — if the substituent attached at the end of carbon chain is electron donating, effect 
is + | effect. 


(CH,),C > (CH,),CH > CH,CH, > CH,» D > H 
t-butyl isopropyl ethyl methyl 
-] effect — if the substituent attached at the end of carbon chain is electron withdrawing, 
effectis – | effect. 
NO, > CN > S0,H > CHO > CO > COOH > COCI > COOR > CONH, > F» CI » Br»1» OH» OR» 
NH, > С,Н, > H 


Applications 
° Electron withdrawing group increases acidic strength — Greater the — | effect, greater is 
the acidity. 
FCH,COOH > CICH,COOH > BrCH,COOH > ICH,COOH 


° As the distance between electron withdrawing group and COOH group increases, acidity 
decreases. 


CI 
| 
CH,- CH - СООН > CICH,CH,COOH 


° Electron donating group decreases acidic strength — Greater the +1 effect, lesser is the 


acidity. 
m 
CH,- (- СООН < CH,- CH - COOH < CH4CH,COOH < CH,COOH 
CH, 


2. Resonance effect — Delocalisation of r electrons or non-bonded pair of electrons in a 
conjugated system. 


Conjugated system — A given atom or group of atoms is said to be in conjugation with an 
unsaturated system if, 
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1. Itis directly linked to one ofthe atoms of the multiple bond through a single bond, and 
ii Ithas an bond, positive charge, negative charge, odd electron or lone pair. 


Type of conjugation 
1. m n conjugation — All conjugate positions have n bonds, 


cH, Scns cH Кн, —— CH, -CH = cH - ČH, 


2. Positive charge, m conjugation — All conjugate positions have n bonds and only one conjugate 
position has positive charge 


CH, LCH% GH, —— GH, - CH = CH, 


3. Negative charge, n conjugation — All conjugate positions have r bonds and only one conjugate 
position has negative charge 


CH, - CH = CH, —— m CH fay 


4. Odd electron, n conjugation — All conjugate positions have л bonds and one conjugate position 
has odd electron 


uty - СН, ——— СН, - CH = CH, 


5.  Lonepair, r conjugation — All conjugate positions have тт bonds and one conjugate position has 
lone pair 


m CH pes CH, - CH = NH, 
° Resonance effectis a permanent effect 


° Resonating structures are not real, rather real structure is a hybrid of all resonating 
structures. Itis difficult to represent the actual resonance structure by a single structure. 


. Due to delocalization, the carbon — carbon bond lengths in a resonating structure become 
equal. And the value of a carbon — carbon bond length is in between that of a carbon – 
carbon single bond and a carbon – carbon double bond. 


° Delocalization lowers the resonance energy thereby stabilizing the conjugated system. 
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Stability of resonating structures 
1.  Specieshaving complete octet is more stable than species having incomplete octet. 
Bep (à ——R-Ca0 
(1) (II) (more stable) 


2. Species in which positive charge resides on most electropositive atom and negative charge on 
most electronegative atom is more stable. 


ш. uid 
3. Increase іп charge separation decreases the stability of a resonating structure. 


H 
T e e | mI 
«i H-N-H H-N-H ceN-H NH, 
EN ( } | ) [ | ( ) 
"7 ы 
(1) (11) (IV) 


(1) III 
Stability order —1» Il = IV » III 


Steric inhibition of resonance 


Most important condition for resonance to occur is that the involved atoms in resonating structures 
must be coplanarfor maximum delocalisation. If bulky groups are present on adjacent atoms planarity 
of orbitals is inhibited. This is known as steric inhibition of resonance. 


CH CH 
CHA ^ СН 
NO NO, 
Dimethylaniline N, N-dimethyl-2, 6-dinitroaniline 


(a) (b) 
In dimethylaniline, the orbital having lone pair of electrons present on nitrogen atom is in the plane of 
benzene ring hence lone pair takes part in delocalization. 
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In N, N-dimethyl-2, 6-dinitroaniline, the N(CH,), group is out of the plane of benzene ring owing to the 
presence of two bulky nitro groups so lone pair of electrons on the nitrogen atoms of N(CH,), group 
cannot get delocalized through lone pair, r conjugation. 


Steric inhibition of resonance has profound effect on: 
1. Physical properties 

2. Acidity and basicity 

3. Reactivity of organic compounds 


Of the two compounds given above (b) is a stronger base than (a) because the steric inhibition of 
resonance in (b) prevents the lone pair to take part in delocalization and thus increases the availability 
of lone pair on nitrogen. 


Another example is of 2, 4, 6-trinitro-N, N-dimethylaniline which is a much stronger base than 2, 4, 
6-trinitroaniline. In 2, 4, 6-trinitroaniline, H-bonding between the oxygen atoms of NO, groups and 
the H-atoms of NH, group holds the entire molecule in the planar orientation. Delocalization ofthe lone 
pair of nitrogen with the ring carbon atom takes place and the three NO, groups are able to exert their 
powerful electron withdrawing effectthus decreasing the basicity. 


° In nitrobenzene (1), bond length between carbon-nitrogen is in between single and double bond 


due to resonance. 
In compound (11) bond length between carbon-nitrogen is only of single bond due to inhibition 
of resonance. 
i NY, 0 i О. 
. ү обн , Соң 
ge; E E» 


(1) (1) 


Groups in conjugation with benzene ring can be classified as : 


+R group — Groups having — ve charge or at least one lone pair of electrons donate electrons to 
the benzene ring or any other conjugated system by resonance effect eg. бн, SH, X: , 0: 


O°> -NH, > -ÖH > -ÖR > -NHAc 
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-R group — Groups having «ve charge on key atom when bonded with electronegative atom by 
multiple bond, withdraw electrons from the benzene ring or a conjugated system by resonance 
effect 


eg.—CH,, -COOH, -NO,, -CN, -CHO 


0 0 
-NO, > -C = N > -S0,H > -H > _t- 


° Resonance effect operates only at ortho and para positions. 


3.  Hyperconjugation effect — is the phenomenon when o- electrons involve themselves іп 
conjugation with х— electrons or p-orbitals. Delocalization of o~ electrons of a С-Н bond of an 
alkyl group takes place when it is attached to an atom of unsaturated system or to an atom with 
an unshared p-orbital. It is a permanent effect. 


Structural requirement for hyperconjugation 


° Compound should have atleast one sp’ carbon of either alkene, alkyl carbocation or alkyl 
free radical. 


. Hybridisation of o—carbon should be sp? and this sp? carbon should have atleast one 
hydrogen. 
Types of hyperconjugation 
1. (С-Н), n conjugation — occurs in alkenes and alkyl arenes. 


CH, - CH = CH,, СН,- үн -CH = CH, CM CH, 
CH, 
2.  o(C-H), +ve charge conjugation — occurs in alkyl carbocation. 
CH, - Ён, CH,- CH - ЁН, CH,- oH - CH, 
CH, 
3. c(C-H),oddelectron conjugation — occurs in alkyl free radicals 
CH, = СН, ÇH,- бн - CH, 
CH, 
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Hyperconjugative structures 


t 


H 
ostia — ix EL =н {-сн-бн;——н-б-бн-©н, 
H t 
Since there is no bond between C and H atoms in these structures, hyperconjugation is known as 
no bond resonance. Although a free proton has been shown but itis still bound quite firmly to the 
т cloud and hence it is not free to move. 


Applications of hyperconjugation : This effect has been able to explain a number of otherwise 
unexplained facts, 


1. 


Stability of alkenes — Greater the number of alkyl groups attached to the doubly bonded carbon 
atoms, greater is the stability of alkene. In other words, more substituted alkenes are more 


stable 
CH; CH, CH; H 
X-K () X-K qu 
CH; CH, CH; CH, 


2, 3-dimethylbut-2-ene 2-Methylbut-2-ene 
(12 aH's) (9 aH's) 
CH; H CH; CH, 
X-K ay ec ay 
H CH, H H 
trans but-2-ene cis but-2-ene 
(6 aH’s) (6 aH’s) 
CH; H H H 
eK м X- м 
H H H H 
propene ethene 
(3 aH's) (No aH's) 


I» IE» Ill» IV» V»VI 


Greater the number of œ H's, greater the number of hyperconjugative structures, more is the 
stability of alkene. 
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2. Directive influence of alkyl groups 


H H H H 
нен u-¢ Н" u-¢ Н" н-бнҥ 


Due to hyperconjugation, electron density at o and p positions increases hence, electrophilic 
substitution in toluene occurs at ortho and para positions. 


3. бСагроп -Carbon double bond length in alkenes 


+ 


H H 
H 4 CH GH, — H -$ = CH - CH, 
H H 


Because of hyperconjugation, C, — C, single bond in propene acquires partial double bond 
character hence is little shorter (1.49À) than normal C — C single bond (1.54À) in propene. 


4. Stability of alkyl carbocations and alkyl free radicals 


Stability < number of resonating structures сс number of œ H's. 


alkyl carbocations CH, CH, – CH, CH,-CH-CH, CH,- Ё- CH, 
CH, 
alkyl free radicals CH, CH, — CH, CH, - CH- CH, CH,- e- CH, 
CH, 
no. of resonating structures 0 4 y 10 


5. Reversal of inductive effect order of alkyl groups. 


When an alkyl group is attached to an unsaturated system such as a double bond or benzene 
ring, order of inductive effect is reversed 
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CH, бн, 
- CH, > - CH,- CH,» C > -{-он, 
CH, 
This is because greater the о — H's, more hyperconjugative structures are formed and more is 
the electron releasing tendency of alkyl group 
Applications of conjugation and resonance 
1. Aromatic character of compounds 
According to Huckel's rule, a compound is aromatic if it is 
° Cyclic 
° Planar 
. Conjugated 
° Has (4n + 2) n electrons, n=0, 1,2, 3, ...... 


10n electrons 


2.  Antiaromatic compounds 


6n electrons 


[р 


Planar conjugated cyclic systems containing 4nm electrons (п= 1,2, 3,.....) 


Е 4r electrons /\ 4r electrons 


cyclobutadiene cyclopropenyl anion 


3. — Nonaromatic systems 


Some antiaromatic compounds adopt non planar geometries to become stable. They have 4n 


electrons but are non planar. 


cyclooctatetraene (tub shaped) 
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Types of Organic Reactions 
Organic reactions are broadly divided into the following four categories : 


|) Substitution Reactions : When an atom or group of atoms from a molecule is replaced by 
another atom or group of atoms, it is known as a substitution reaction. 


li) ^ Addition Reactions : When an atom or group of atoms are added to a substrate molecule, which 
is unsaturated, itis known as addition reaction. In this reaction there is a net gain of atoms in the 
product molecule. 


iii) Elimination Reactions : When atoms or group of atoms are removed from a molecule resulting in 
the formation of multiple linkage in that molecule, it is known as elimination reaction. The loss of 
atoms or group of atoms may occur from the same atom or different atoms in the molecule. 


iv) Rearrangement Reactions : When atoms or group of atoms within the molecule simply change 
their position to give the product, it is known as a rearrangement reaction. It may appear as an 
internal substitution reaction has occured. 
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Practice Questions 


1. 


Which among the following compounds behaves both as an electrophile as well as nucleophile? 


l. Н,С = CH, ll. | H,C = CH-CH, 
0 0 

Ш. сн. -CH, IV. сн. бс 

a. опіу1 b. tand2 

c.  only3 d. 2,3and4 


Consider the following alkenes : 


=, diu H CH, 
| RET 
H H CH; H 
Ill. СН,-СН,-СН=СН, 


The correct sequence of these alkenes in increasing order of their stability is : 
a. ШЫПЫ b. ЫЫ 
C. ПИ d. ПЫ 


Arrange the following resonating structures of formic acid in decreasing order of stability : 


0 0 
н-0-0-н II. H-C-0-H 
0 0 
I. H-C-OH IV. 4-6-0 
a. I> I> IV > III b. ЫБМ 
c. МШП d. I>IV>II> III 


The correct stability order of the following resonance structures is 
l. Н„С=М'=\ Il. H,C’=N=N- 
Ill. HC =Ñ =N IV. H6 -N-N 
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(1) > (III) > (II) > (IV) 
(HI) > (1) > (IV) > (11) 


5.  Arrangethe following groups in order of decreasing —R (or—M) power: 


1. NO, 
3. CF, 
a. 1>3>2>4 
C. 1>4>3>2 


2. 
4. 
b. 
d. 


S0.H 
CHO 
1>2>4>3 
4>3>2>1 


6. | Which one of the following statements is not correct for electrophile? 


Electron deficient species are electrophile 


a 
b.  Electrophilesare Lewis acids 


c.  All+vecharged species аге electrophiles 


d. А!СІ,, SF, IF, and SO, are electrophiles 


7. +R power ofthe given groups in decreasing order is: 


1. -0 
3.  —0H 
a. 1>2>3>4 
c 1>3>2>4 


NS 
8. Inpyridine | 
T 


Number of conjugated electrons is 
a. 6 


C. Zero 


9. Decreasing- | power of given groupsis: 
1. CN 
3. МН, 
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a. 2>1>4>3 b. 2>3>4>1 
c. 3>2>4>1 d. 3>2>1>4 


10. Inwhich ofthe following pairs, none of the species is an electrophile? 


a.  NH,and NF, b.  PH,and PCI, 
(1) (11) (1) (Il) 


CH,CI and CCI, d H,0 and CCI, 
(1) (11) | (1) (11) 


11. Which ofthe following reactions would generate an electrophile? 


C. 


|. (CH,),CBr+anhy AICI, ll. — CH.-CH=CH, +H 
Ill. C,H{COOH +H,0 IV. HNO,+H,SO, 

a. 1. land IV b. I, land Ill 

c. 111, land IV d. 1, Iland IV 


12. In which of the following compounds delocalisation is not possible? 
a.  1,4-pentadiene b.  1,3-butadiene 
c.  1,3,5-hexatriene d. benzene 


13. Which among the following species is an ambident nucleophile? 


а. CH,-CH, b. H,C=CH, 

c. CN d. NH, 
14. Which among the following is an electrophile? 

a. CO, b. 50, 

c. NO, d.  Allofthese 
15. Which one of thefollowing species is a nucleophile : 

a. NF, b. РС, 

c. . NH,OH d. OF, 
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16. Which one of the following compounds on gentle heating will undergo facile homolytic bond 
cleavage? 
0 CH, 
а CH-C-0-G-CH, b.  (CH,),C-O-C(CH,), 
CH, 
C. С.Н.-С(СН,), d.  (CHj40C-0-0-C(CH,), 
17. Resonanceis due to: 
a.  delocalisation ofsigmaelectrons b. migration of H atoms 
c. migration of proton d.  delocalisation of pi electrons 
18. Hyperconjugation effect is possible in which ofthe following species. 
a. CH, b.  C,H.-CH, 
CH, 
с. CHCH, d. CH,-¢-CH=CH, 
CH, 
Answers 
1. С 2. С 9. b 4. a 
5 a 6 C /. а 8 а 
9. d 10 C 11. a 12 а 
13 Ü 14 d 15. С 16. d 
17 d 18 b 
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UNIT - 13 
HYDROCARBONS 


Learning Objectives 


After studying this unit, the student will be able to 
° Recognize the isomers of various hydrocarbons i.e. alkanes, alkenes, alkynes and 
aromatic hydrocarbons and write their structures. 
° Know about different methods of preparation of these hydrocarbons. 


. Learn the similarities and differences in the physical and chemical properties of alkanes, 
alkenes, alkynes and aromatic hydrocarbons. 


° Learn the mechanisms of various addition reactions and predict the formation of different 
products with unsymmetrical alkenes and alkynes. 


° Understand the concept of aromaticity and explain the structure of benzene. 


° Explain the various reactions of benzene and understand the mechanism of electrophilic 
substitution reactions. 


. Predict the directive influence of functional groups in monosubstituted benzene rings. 


° Recognize the importance of hydrocarbons as sources of energy and in the preparation of 
polymers. 


Hydarocarbons 

Hydrocarbons are the compounds of carbon and hydrogen only. 

Classification : They are classified into three broad categories based on their structure and properties. 
i) Saturated (alkanes and cycloalkanes) 
ii) X Unsaturated (alkenes and alkynes) 
iii) | Aromatic 

Alkanes : Saturated acyclic hydrocarbons containing carbon — carbon and carbon — hydrogen single 


bonds. They are also known as paraffins because of low reactivity under normal conditions. General 
formula is C,H,,., whereas general formula for cycloalkanes or alicyclic compounds is С,Н,. 


Preparation : Alkanes are obtained from petroleum and natural gas. Synthetically they can be prepared 
by the following methods 


1. Catalytic hydrogenation of alkenes / alkynes 


CH, = CH, a CH,CH, 
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If catalyst is Ni, reaction is named as Sabatier - Senderens reaction. 
Exothermic process 


Reactivity of alkene towards hydrogenation depends upon the size of groups present on 
doubly bonded carbons. Larger the size of functional groups, smaller the reactivity. 


Reaction proceeds through adsorption mechanism 


2. Reduction of alkyl halides 


R-X ——R-H 

This reaction can be accomplished by any of the following reagents. 
1. ШАН, 

2. NaBH, 

3. . Na/C,H,OH 

4. — Zn/CH,COOH or dil HCI 

NaBH, reduces only 2° and 3° alkyl halides. 

Reaction does not take place with alkyl fluorides 


Alkyl halides (particulary iodides) on treatment with hydrogen iodide in presence of red 
phosphorus get reduced to alkanes. 


R—-|+HI—*24— ВН +1, 
2P +31, —— —— 2Pl, 


(phosphorus removes iodine from the reaction mixture so that it does not react with 
alkanes). 


3. Hydrolysis of Grignard reagent (Indirect method of reduction of alkyl halides). Alkyl magnesium 
halides (Grignard reagents) are obtained on treatment of alkyl halides with magnesium in ether. 
Grignard reagents belong tothe class of organometallic compounds. 


R — X + Mg ауе, R — Mg — X +0, R — H + Mg(OH)X 
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4.  Wurtzreaction 
R-X+2Na+R-X —Wemer _R-R 


Limitation 


Not suitable for formation of unsymmetrical alkanes because of the formation of a mixture of 
products. 


R-X«R'-X — 2", R-R'+R-R+R'-R' 


5.  Decarboxylation of carboxylic acids 


Carboxylic acids, on heating with soda-lime give alkanes by the loss of one molecule of carbon 
dioxide. 


CH,COOH + NaOH — —22.— CH, +Na,CO, 


6.  Kolbe'selectrolytic method 
2CH,COONa + 2Н,0 1095, СҢ. - CH. + 2NaOH +H, + 2CO, 
Mechanism 
2CH,COONa — "221%", »CH C00 + 2Na* 
2H,0 —onzation 20H +2H* 


Atanode: 2CH,COO -2e > CHC 0 2200 , 26H. —— CH,- CH, 

Atcathode:2H' + 26 >H, 

2Na'« 20H. -> 2Na0H 

Limitation : Cannot be used to prepare methane and unsymmetrical alkanes. 
7. Reduction of carboxylic acids 

R-COOH M R- CH, 


Acid > Alkane with same no. of C atoms. 


8. Corey House synthesis 
(CH, - CH,),CuLi + CH,CH,CH,Br ———. CH,CH,CH,CH,CH, + CH,CH,Cu + LiBr 


n-pentane 
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9. Reduction of aldehydes and ketones - 


a) Clemmensen reduction 
0 
R- { — H —Zn(Hg).conc.HCI , RCH, 


0 
R-CH,- | — Н —2n(Ha).HCl, RCH,CH, 
b)  WolffKishner reduction 
0 0 
R- G-H ncs RCH, R - CH, Ç — H- than on RCHCH, 
Physical Properties 
1. Non-Polar molecules because of covalent nature of C-C and C-H bonds. 


2. Physical state — C.-C, alkanes are gases, C.—C,, alkanes are liquids, C,, and above alkanes are 
solids. 


3. Boiling point 


° Increases with increase in molecular mass. This is because vander Waals forces increase 
with increase in surface area. 


propane < butane < pentane 


. Decreases with increase in branching. This is because with increase in branching, 
molecule acquires the shape of a sphere. As a result the surface area decreases and hence 
vander Waals forces decrease. 


ИМАМ RUIN oS М 


pentane isopentane neopentane 
309.1 K 301 K 282.5 K 


4. Melting Point: 


° Increases with increase in molecular mass though the increase in not regular. It is seen 
that this increase in melting point is more when we go from an alkane having odd number 
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of carbons to the next higher alkane and is less when we go from an alkane having even 
number of carbons to the next higher alkane. This is because melting point not only 
depends on the size but also on the arrangement of the molecule in the crystal lattice. And 
symmetrical structures fit well into the crystal lattice, are better packed and strongly held 
and thus possess high melting points. 


5.  Solubility 
Alkanes being non polar are insoluble in polar solvents like water and alcohol and are soluble in 
non polar solvents like benzene, CCI,. They are also miscible with each other. 

6. Density 
Increases with increasing molecular mass and goes to a maximum of 0.8 g cm. Alkanes being 
lighter float on water and thus water cannot extinguish fire caused by any alkane. 

Chemical Properties 


Alkanes are generaly unreactive towards many reagents. Some important reactions are, 


1. 


Halogenation — One or more hydrogens may be substituted and thus a mixture of products may 
be obtained. 


R-H4X, —" — R-X«HX(X-R СІ, Br, 1) 


? orheat 


R-X may undergo the same set of reactions again so that another H is replaced by X. 
Order of reactivity : F, > Cl, > Br,» 1, 

Fluorine reacts explosively whereas iodine reacts very slowly. 

Rate of substitution of hydrogen atoms in alkanes : 3° > 2^» 1° 





Nitration 

fuming 
CH,—CH, — mee. СН,СН,МО, + CHNO, 
ethane 673K  nitroethane nitromethane 


Cleavage of carbon chain takes place to give various possible nitro products 


Sulphonation 
R-H + conc. H,S0, ———— R- S0,H 
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If more than one type of hydrogens are available in alkane, all isomeric sulphonic acids are 
formed in comparable amounts. 


CH,- CH, - CH, + conc. H,S0, —^— CH,CH,CH,-SO,H + CH,- CH - CH, 
О,Н 
4. Oxidation (combustion) 


3n « 1 
2 


Alkanes are used as fuels because ofthe large amount of energy evolved 





Gs [049 —— nCO,(g) + (п+1)Н,О + energy 


Incomplete combustion of alkanes takes place as shown in the following reaction in limited 





supply of oxygen. 

CH, + | 30, — 2C0+4H,0 
(limited) 

CH, + 0, C +2H,0 
(limited) 


° Carbon monoxide and carbon (soot) produced are major air pollutants. 


° Carbon black can be used in the manufacture of ink, printer ink, tyres, paints, polishes and 
filters. 


Oxidation under special conditions 
(i) 2CH,+0, 95K СНОН 


100atm 


(ii) CH,+0, "^9, HCHO «HO 
(ii) 2CH,CH,+30, 9:000, ocu COOH +2H,0 
А 


(iv) (CH,),CH 1040 , (CH ) COH 
(Alkanes with tertiary H atom) 


5. Isomerisation 
AICI, 


tT PN 


hexane 
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6.  Aromatization (reforming) 
CH, 
Н, CH, 
| Cr,O,, V,0,, Mo,0, 
Hp i 773K, 10-20 atm 
Noy 4 ; 
benzene 
hexane 
CH, 
a CH, 
Н, CH, 
H | Cr,0,, V,0,, Mo,0, 
2 H, > 
773K, 10-20 atm 
Н; 
Toluene 
heptane 


e Alkanes containing six or more carbon atoms undergo this reaction. 


7. Pyrolysis (cracking) 


Decomposition of higher alkanes into simpler low boiling alkanes of lower molecular mass by 
application of heat. 


It involves breaking of C—C and C—H bonds to give a mixture of products 


CH, — "3 ОН, *H,* CH, + C,H, «CH, +CH, «CH, 
hexane 6-7" hexene butene ethane ргорепе ethene methane 
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Practice Questions 
1.  2-Methylbutane on reacting with bromine in the presence of sunlight gives mainly : 
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a. 1-bromo—2—methylbutane b. 2-bromo-2-methylbutane 
C. _ 2-bromo-3-methylbutane d. 1-bromo-3-methylbutane 


An alkyl bromide [x] reacts with sodium in ether to form 4, 5-diethyloctane, the compound 'x' is 
a.  CH,[CH,],Br b. CH;[CH, ],Br 
c.  CH,[CH,],CH[Br]CH, d. CH4-[CH,],-CH[Br] -CH,CH, 


Alkyl halides react with sodium metal to give : 
a. alkenes b. alkyl sodium halide 
c. alkanes d. alkenyl halides 


Of the five isomeric hexanes, the isomer which can give two monochlorinated compounds is 

a. n-hexane b. 2, 3-dimethylbutane 

c.  2,2-dimethylbutane d. 2-methylpentane 

Ethane is formed by the reaction of methyl iodide and sodium metal in dry ether solution. The 
reaction is known as 

a. Сіеттепѕеп reduction b.  Kolbe's reaction 


C. Wurtz reaction d. Cannizzaro reaction 


Which one ofthe following cannot be prepared by Wurtz reaction? 

a. СН, b. _ B. 

6 GH; d. С.Н 

C.H,,CI(A) by wurtz reaction forms 2, 2, 5, 5-tetramethylhexane as main product. Hence, А can 
be 

a.  2,2-dimethyl-1-chloropropane b. 2-methyl-1-chlorobutane 


С. both are true d. none is true 
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C,H,,(A) on chlorination forms only one type of C,H,,C1(B), A can be 


„ a ae 























9. Heating a mixture of sodium benzoate and sodalime gives 
a. Methane b. Benzene 
c. Тоіиепе d. Calcium benzoate 
10. С,Н,„(А) has chirality but on hydrogenation А is converted into C,H,, (B) in which chirality 
disappears. A is 
a.  3-methyl-1-pentene b. 2-methyl-2-pentene 
c.  2,3-dimethyl-2-butene d. 3, 3-dimethyl—1—butene 
11. What will be the product formed when 1—bromo-3-chlorocyclobutane reacts with two 
equivalents of metallic sodium in ether? 
Br CI 
a. b. Е 
С. d. N 
12. Considerthe following reaction, 
е 
СН, 
Identify the structure of the major product 'X'. 
à dg uc b. ug dpud 
CH, CH, 
E CH, - 6 - CH - CH, d. CH, - CH - CH - CH, 
D CH, CH, 
Answers 
1 b 2 d 3 c 4. 5 C a 
7 a 8. d 9. b 10. a 11. d 12. b 
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Unsaturated hydrocarbons with the general formula C,H,,. They are also known as olefins and the 
carbon-carbon double bond in alkenes contains one sigma and one pi bond. Each carbon of double 
bond is sp’ hybridized and is thus planar having bond angle of 120°C. Restricted rotation about the 
double bond and planarity of molecule results in the alkenes showing geometrical isomerism. 


Preparation : commercially the lower alkenes are obtained by the cracking of higher fractions of 


petroleum. In laboratory they are prepared by, 


1.  Bypartial hydrogenation of alkynes 


Pd-C/BaS0, 


Xylene 
a x ee Na/Liq NH, 


RX UR 
сес 
H^ cis SH 
RX Н 
B ы “Б 


trans 


° Lindlar catalyst is palladium carbon deactivated with poisons like CaCO,, lead, quinoline, 
Ва$0, and is specific to give cis — alkenes in contrast to Na/liq NH, which gives the trans 


alkene. 


2.  Bydehydrohalogenation of alkyl halides 





ССА — 4 — GH, + KOH RES UH. — CH = CH - CH, 
CI 


Elimination takes place according to Saytzeff rule, more substituted alkene is the major product. 


° Saytzeff rule states that in an elimination reaction, when there is the possibility of 
formation of more than one alkene by elimination of B-hydrogen from either side of 
carbon carrying halogen, more highly substituted alkene is formed. 


° Rate is : iodine > bromine > chlorine (for halogens) 
° Tertiary > secondary > primary (for alkyl groups). 


For example, 1-bromo-1-methylcyclohexane on dehydrobromination, gives 
1-methylcyclohexene as the major product. 


H, H, 
Br 
NaOC,H, 
C,H,OH 
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3.  Bydehalogenation of vicinal dihalides — The process of removal of a molecule of halogen from a 
dihaloalkane to form alkene is called dehalogenation. 


М. б А N “© 
E s zn—— 0 = C+ ZX, 


X X 
4.  Bydehydration of alcohols: 
Alcohols on heating with conc. H,SO, undergo loss of a water molecule to give alkenes. 


CH, = CH, - CH, - OH _сопс. 4.50. , CH. — CH = CH, 
433-443K 
propan-1-ol propene 
° If possibility exists, proton is lost from that side to yield the more highly substituted 
alkene. 


ii) | Dehydration of an alcohol can also be brought about by passing the vapours of alcohol 
over dehydrating agents like heated alumina (ALO,) at 673K, or phosphorus pentoxide 
(P,0,) or phosphoric acid (H,PO,) 





For example, 
CH, CH, 
cts CH, - 6 — CH, 
H 


° Order of reactivity of alcohols towards dehydration is, tertiary>secondary>primary. 


5.  Kolbe's electrolytic method : Dicarboxylic acids can give alkenes as shown in the following 


example. 

H, - COOK’ СН, 

„„ 00055 | 1200, + Н,+ 2KOH 
Н, - COOK H 
2 
Mechanism 
| -COOK . |. [ 
ionization 42K" 

H, - COOK H,CO0 

2H,0 20H «H' 
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Atanode: 
H,COO- H,COO H, 
2g" — = 42C0, 


CH,COO- CH,COÓ CH, 
(Unstable) 


At cathode : 


H* +Н'+2е 





Н, 


Physical Properties 


Alkenes resemble alkanes in physical properties. 


1.  Physicalstate — C,-C, alkenes are gases, C,—C,, are liquids, C,, and above are solids. 

2. Boiling point and melting point— Melting and boiling points rise with increasing molecular mass. 
Straight chain alkenes have higher boiling points than branched chain compounds. 

3.  Solubility — Alkenes are insoluble in water but soluble in non — polar solvents like benzene, ether 
etc. 

Chemical Properties 


Alkenes undergo electrophilic addition reactions 


° Due to presence of n electrons, they attract electrophiles and repel nucleophiles. Since 
electrophilic addition reactions are energetically more favourable than electrophilic 
substitution so alkenes undergo electrophilic addition. 


Chemical Reactions 


Addition Reactions 


1. 
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Addition of dihydrogen (catalytic hydrogenation) 
CH,=CH,+H, HPP , Н СН, 
Addition of hydrogen halides (HCI, HBr, HI) 

H,C =CH, + HBr H,C —CH,Br 

Order of reactivity is HI > HBr > HCI 





If alkene is not symmetrical, 
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It follows Markovnikov's rule. The addition of unsymmetrical reagents such as HX, H,O, HOX, 
etc. to unsymmetrical alkenes occur in such a way that the negative part of the addendum [i.e., 
adding molecule] goes to that carbon atom of the double bond which carries lesser number of 
hydrogen atoms. For example propene undergoes addition of HBr to form 2-bromopropane as 
the major product. This can be explained mechanistically as follows. 


CH,-CH-CH, = CH -CH=CH, 290101410, CH CH CH 


Slow Slow 
2" Carbocation [I] Propene 1° Carbocation 
[more stable] [less stable] 
Fast | Br Fast) Br 
CH.-GH-CH, CH,-CH,-CH,Br 
Br 
2-Bromopropane 1-Bromopropane 
[Major product] [minor product] 


Anti Markovnikov addition or peroxide effect or Kharash effect : In presence of peroxide, 
addition of HBr (but not of HCI or HI) to unsymmetrical alkenes takes place anti to the 
Markovnikov's rule. 


CH,CH=CH,+HBr —Pe9*te , CH CH. CH.Br 


Mechanism (Free radical mechanism) 


0 0 0 
1. CH.-6-0-0- С.Н, лов, 96 0. 2с, + 2C0, 


Benzoyl peroxide Free radical 


9 СН НВг OO, CH, + Br 


Free radical 
| CH.-CH-CH,Br 
3. Br + CH.- CH = CH 2" Free radical (1) (more stable) 
AUT z CH,-GH-CH, 
Br 


1° Free radical (11) (less stable) 


Because the 2° free radical is more stable than 1° free radical, it will be preferably formed. 


4. СН,-СН-СН,Вг + H-Br CH,-CH,-CH,Br + Br 


Preferred free radical 1-Bromopropane (Major product) 
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Peroxide effect is observed only in HBr and notin other halogen acids. 

° For HBr both steps are exothermic 

° For HCI or HF, second step involving the reaction of carbon radical is endothermic. 
. mE НІ, the first step involving addition of iodine radical to alkene is endothermic. 


(in KJ / mole) AH (in KJ / mole) 


— HX i) X« CH, 2 CHCH, (ii) ХОН, – CHCH, + HX 
Е CH - CH, Do CH,CH,+X 





F -209 +159 
С! -101 

Br 

| 


3. Addition of sulphuric acid 


Itfollows Markovnikov's rule 





C N 
CH,-CH-CH,*H'OSO,0H Mark адап iin 
Propylene SO.H 


Isopropyl hydrogen sulphate 
4. Addition of Halogens 
Alkenes react with chlorine or bromine (but not iodine) to form vicinal dihalides, 
CH, = CH + Br, — CH, – CH, 
an 

CH, = CH = CH,+Cl, —— CH, - i - qh, 

CI Cl 
Test for unsaturation 


This reaction is used as test for the presence of unsaturation. On adding bromine in carbon 
tetrachloride to an unsaturated compound the reddish orange colour of bromine is discharged. 
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5. Addition of hypohalous acid. 





CI/H,0 
СН,=СН, -S0 HO-CH,-CH,-Cl_ + НСІ 


ethene 2-Chloroethanol 
(Ethylene) (Ethylene Chlorohydrin) 


+ 
The overall reaction involves the addition of the elements of hypohalous acid (НО-Х) in 
accordance with Markovnikov's rule. 


CH,-CH=CH, «HO-Br Care ade , СН _ HGH, + HBr 
Propene 


(Propylene) OH Br 


1-Bromopropan-2-ol 
(Propylene bromohydrin) 


The order of reactivity of different hypohalous acids HOX is 
HOCI > HOBr > НО! 


6. Acid Catalysed Hydration of alkenes 


Addition of water 
Y. 
CH,CH=CH,+H,0 -S° CH,-CH-CH, 
Propene propan-2-ol 


° Itfollows Markovnikov's rule 


° Rearrangement takes place due to the formation of carbocation intermediate 


Mechanism 
H., H 
M f 
+ H,S0 Eon ЇЇ -H 
CH,CH=CH, +H* ——— CH,-CH-CH, —*— CH,-CH-CH, ——— CH,-CH-CH, 
Propene 2° carbocation protonated alcohol 


(more stable) 


Another example where methyl shift takes place 


H, H, Eco a. H, 
CH.-G-CHÁCH, H cH,-¢-GH-CH, 229. он, сис CH,- C- 


J i - CH, 
H, H, H, H CH, 
o А 3° Carbocation ; 
Di ba 2" Carbocation 2, 3-Dimethyl-2-butanol 
3, 3-Dimethyl-1-butene (less stable) (more stable) 
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7. | Oxidation of Alkenes 
i) Hydroxylation: 
Reaction with cold, dilute KMnO, (Baeyer's reagent) 
H 
H.C CH, KMnO, ° 
V - "EH H-C-0H 
ix 
CH, 
Syn addition of OH on both doubly bonded carbons takes place. 
KMnO, 
R-CH = CH-R RO. cold ЕТА 
OH OH 


° Test for unsaturation : Delocolourisation of Baeyer's reagent is used as a test for the 
presence of unsaturation in an organic compound. 





ii) Oxidative degradation 
Reaction with hot KMnO, or acidified K,Cr,0, 
Product depends on structure of alkene. 
i. Mono substituted vinylic carbon is converted into carboxylic group. 


CH,-CH-CH-CH, M4. CH,COOH+CH,COOH 

li. Terminal alkene gives formic acid which oxidises to CO, and H,O. 
CH,CH=CH, = CH,COOH+HCOOH = CO,+H,0 

iii. X Disubstituted vinylic carbon gets converted into keto group 


CH, 
dad 
н, `° 


Н, 


сащ CH.-CH,-C-CH.+CH,-C-CH, 
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iii) Addition of ozone (Ozonolysis) 











0 
R-CH=CH,+0, roi ES 20. RCHO+HCHO 
0——0 
Ozonide 
RR RoR 0 0 
R-C-0-R40, ul Jess R-U-R + R--R 
0——0 
Ozonide 


° Useful for locating the position of double bond in acompound 
. Useful method for the synthesis of aldehydes and ketones 
iv)  Epoxidation 
| | 


C=C +00, moe 
> < 20. 473 - 673K У 





R+CH=CH, + 40, -m-e R4CH-CH, 
qr 


° Reaction given by lower alkenes 


v) Combustion 
CH,=CH, + 30, 





260, + 2H,0 
° Alkenes burn when reacted with oxygen to give carbon dioxide and water along with 
heat. 
8. Polymerisation 


° Reaction of alkenes with themselves at high temperature, pressure or in presence of 
catalyst to form giant molecules called polymers. 


. Basic alkene unit is known as a monomer. 


n CH=CH, "ерю, СҢ Сн, 


Ethene Polythene 
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пн, СН ———— —— {CH,-CH}. 


Styrene Polystyrene 
n F,C=CF, —————— 4CF-CFA, 


Tetrafluoroethene Polytetrafluoroethylene 


(Teflon) 
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° Useful for making numerous daily articles like plastic bottles, plastic bags, toys, raincoats, 


pipes, buckets etc. 


9. Allylic halogenation 
Br 


_NaS/CClynv CH,-CH-CH-CH, 


CH,CH,CH=CH, 
10. Allylic oxidation 


OH 
CH,CH=CH, “2+ CH.-CH-CH, 


allyl alcohol 
Solved examples 


1; Match column | with column II 


Column | Column Il 
OH 
(i) KMnO, 
Oe O 
Br 
b. $ Br,/H,0 q. CT 
OH 
OH 
" $ BrJCCI, " CT 
OH 
| . Br 
i on " CT 
Br 


Ans. Тһе correct match is a-r, b-q, c-s and d-p. 
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2. — Inthe following sequence of reactions, the alkene affords the compound B 

CH,CH = CHCH, —2— A —2%9__. p. 

The compound B is 

a.  CH,COCH, b.  CH,CH,COCH, 

c. CH,CHO d. CH,CH,CHO 

Ans. Since this is a symmetrical alkene, so ozonolysis forms only one product which is ethanal. 





3. Опе mole of a symmetrical alkene on ozonolysis gives two moles of an aldehyde having a 
molecular mass of 44 р. The alkene is 


a. Ethene b. Ргорепе 
C. 1- butene d.  2-butene 
Ans. d 


4.  Whichamongthe following alkenes will be oxidized by SeO,? 


a H,C=CH, b. or poen 
Н, 
Н, Н, Н, 
C.  CH,-C-CH=CH, d. | CH,-C-CH=CH-G-CH, 
CH, CH, CH, 


Ans. This is an example of allylic oxidation and only compound at option (b) has a hydrogen 
atom atallylic position. Thus answer is b. 
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Practice Questions 
1. The reaction of HBr with CH, — | = СН, inthe presence of peroxide will give : 


Н, 
Н, 
a CH,- G- Вг b. CH,CH,CH,CH, - Br 
Н, 
CH, - CH - CH,Br Br 
C. d. CH,- CH, - СН 
Hs CH, 
2.  l-phenylpropene on reaction with HBr gives 
a.  C,H,CH,- CH(Br)CH, b.  C,H,CH(Br)CH,CH, 
C. — CG,H.CH,CH,CH,Br d.  C,H.-CH(Br) -CH=CH, 


3. The reaction of CH,CH = ol Yon with HBr gives 


a. cHcHercH< YOH b.  CH,CHBrCH.- 


-0H d.  CH,CH,CHBr- 


(Cs 
c.  CH,CH,CHBr- ( Ув 


4. Observe the following reactions and predict the product (A) 


os 


a.  C,H,CH,-CH.,-Br 
b.  CG,H.-CH,-Br 
C. . C,H,-CHBr-CH, 


d. Br- « ў—оң-сңв 
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5.  But-1-ene may be converted into butane by reaction with 


a.  Zn/HCl b. Sn/HCl 
c.  Zn-Hg/H,O d.  Pd/H, 


6.  Inthereaction sequence 
CH, 


^f. 


[X] will be : 

a.  1-bromo-2-methylcyclopentane 
b 1-bromo-1-methylcyclopentane 
c.  1-bromo-5-methylcyclopentane 
d 5-bromo-1-methylcyclopentane 


7.  Thereaction of propene withHOCI proceeds via the addition of 
a.  H'inthefirststep b.  Clinthefirst step 
c. OH inthe first step d. d Cl'andOH insingle step 
8. In the presence of peroxide, hydrogen chloride and hydrogen iodide do not give anti — 
Markovnikov's addition to alkenes because 
a both are highly ionic 
b one is oxidizing and the other is reducing 
c.  Oneofthestepis endothermic in both the cases 
d.  Allthestepsareendothermic in both the cases 


9. Inthe reaction below, X is 


Neopentyl alcohol LEE X 

heat 
a.  2-methylpentane b.  2-methylpent-2—ene 
с.  2-methylbut-2-ene d.  neopentane 
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10. 


11. 


12. 


13. 


14. 
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The main product ofthe following reaction is 
C,H,CH,CH[OH]CH[CH,], Conc. H,S0, , 


H,CCH,CH; HC H 
а. У = CH, b. x = < 
H.C H CH(CH,), 
H,CCH; CH, H,C CH(CH,), 
С. Y = d d. p: = "6 
Н СН, Н Н 


Reaction of 2-phenyl-1-bromocyclopentane on reaction with alcoholic KOH produces 


a.  4-phenylcyclopentane b.  2-phenylcyclopentane 
c. 1-phenylcyclopentene d.  3-phenylcyclopentene 


Addition of HCI to 3, 3, 3-trichloropropene gives 
a.  CLCCH,CH,CI b. CLCCH(CI)CH, 
c. — CLCHCH(CI)CH,CI d. CL, CHCH,CHCI, 


Inthefollowing reaction 
CH, sd [X] —— CH,CHO, what is [X]? 


a. CH,CH,OH D. CH,—0-CH, 
c.  CH,CH,CHO d.  CH,-CHOH 


For the given reaction 
CH,-CH = CH-CH = CH-CH, + H' > 
CH,-CH,-CH-CH = CH-CH, + CH,-CH-CH,-CH=CH-CH, 
| II 
Which ofthe following is correct? 
a.  lislessstablethan ll b. |Iwillbeformedatfaster rate 
C.  lIlwillbeformed at faster rate d.  landllwillbeformedatthe same rate 


UDOON 


A program to give wings to gir students STUDY MATERIAL FOR CHEMISTRY - XI 


15. Inthe given reaction 


OH 
CH 9550... OR -(-0408, A is 
А CH, 
(major product) 
Se GH, = ии 
а. р. 
СН, СН, 
p, “РО d.  Allofthese 
CH, 
16. Which one ofthe following alkenes will not form tertiary carbocation with H*? 
a. а ЕЕЕ b. CH,-CH,-CH = СН-СН, 
CH, 
с. < poh, d. < > CH, 


17. The predominant product formed when 3-methyl-2-pentene reacts with HOCI is 


Cl CH, 
a. OH CH-G-CHLOH)CH, b. OH.-(-0H(0H]OH, 
CH, CH, 
CI CI OH 
C. CH H-CH,-CH, d. OH. CH-G-CHOLCH, 
CH, CH, 
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18. 


19. 


20. 
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Consider the following reaction: 


CH, 
OH, - (- CH=CH, OWN SO. үй 
m 
uh Product 
[X] is: 


a.  2,3-Dimethyl-2-butanol 
b.  2,3-Dimethyl-3-butanol 
c.  3,3-Dimethyl-2-butanol 
d.  3,3-Dimethyl-1-butanol 


Consider the following reaction: 


[A] KMn0,/OH/A C.H..0 
5* 1072 
Inthe above reaction [A], will be 


a. CH,-CH,-CH,-CH,-CH=CH, b. CH,-CH-CH,-CH-CH, 
CH, 
C. me d. all 
CH, 


Compound (А) on oxidation with KMnO/OH gives two compounds 
0 
OHA PEGUON and CH,-G-CH,CH,CH, 
CH, 


Compound (A) will have the structure, 


a. CH.CH.G = ¢-CH.CH, b. CH,-CH-CH - ¢-CH,-CH,-CH, 
CH, CH, CH, CH, 
C. CH.-CH-C = C-CH, d. CH.-CH-C = C-CH-CH, 
CH, CH, CH, 
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21. Consider the following reaction, 
CH,-CH=CH-CH, 9%. CH.-CH-CH-CH, 
OH OH 


STUDY MATERIAL FOR CHEMISTRY - XI 


In the above reaction, the reaction intermediate is : 


CH,-CH-GH,-CH, A 
OH 


C. ааа d. 


n 


/ Ns 
0 0 


22. Productofthe given reaction CH,CH=CH-CH, 


a.  CH,-CHO b. 
C. aise Gn ОН, d. 
OH OH 
Answers 
1. C 2. b 
5. d 6 b 
9. C 10. C 
13. d 14. b 
17, d 18. а 
21. C 22. d 


CH,-CH-CH-CH, 
OH 


CH.-CH-CH-CH, 


nue 


Os 
4 N 
0 0 
0JCH;CI, , 
^ 380 — will be 
CH4-COOH 
0 
oH eon 
0—0 
3 C 4. C 
7 b 8 C 
11 12. а 
15 d 16. b 
19 d 20. b 
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Alkynes 


Unsaturated hydrocarbons containing a carbon — carbon triple bond and having the general 
formula СН. Simplest member is acetylene (ethyne). Triple bond contains one o~ and two х 
bonds. Each carbon oftriple bond is sp hybridized and thus linear having bond angle of 180". 


Preparation: Industrially ethyne is prepared from calcium carbide as 
CaC, + 2H,0 > H-C=C-H + Ca(OH), 


Synthetic methods are, 


1.  Dehydrohalogenation of vicinal dihalides 


X X 
R-CH-CH-R HEN... phon e. PR inane 
Substituted 
vinyl halide 


2.  Dehydrohalogenation of gem dihalides 
RCH, - CHX, 22. R-C=CH 


3. Dehalogenation of a, a, B, B-tetrahaloalkanes 


X X 
(4 a R-CSC-R + 2ZnX, 
X X 


4. Synthesis of higher alkynes from acetylene 


LiqNH, 


НС = CH«NaNH, тек = HC =C Na'«NH, 


Ethyne Sodium acetylide 





Jg N 
HC = сема“ + CH, Вг HC = C-CH,+NaBr 


Sod.acetylide Bromomethane Propyne 


° Other terminal alkynes like R — C = C — H can also undergo the above series of reactions 
and elongate chain on the other end to give R- C 2 C - R*. 
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5.  Kolbe's hydrocarbon synthesis 


nos Sess RLC = C-R+2C0,+2KOH+H 
= 2 2 


R-C-COÓK 
Mechanism 
cook ionization T con + 
NN 42K 
HCOOK HCOO0* 
2H,0 — 20H” + 2H' 
HCOO — ieee CH 

==, „|———[ +260 

Manage: о нсоб CH i 
(unstable) 


Atcathode: 2H' + 26 —— Н, 


Physical Properties 
Similar to alkanes and alkenes 
1. Physical state : C,— C, alkynes are gases, C,—C,, are liquids, C,,and above are solids. 
2.  Meltingand boiling point and density : Increase with increasing molecular mass. 
3.  Solubility : Alkynes are weakly polar and thus soluble in organic solvents like ether, 
benzene and CCI,. They are immiscible with water and are lighter than it. 
Chemical Properties 
Reactivity of alkynes vs alkenes 


° Due to greater electronegativity of sp hybridized carbon atoms of a triple bond than sp? 
hybridized carbon atoms of double bond, л electrons of alkynes аге more tightly held by 
the carbon atoms than the л electrons of alkenes, hence are less easily available for 
reaction with electrophiles. 


(i) Addition of reagents to alkynes takes place in two steps. In the first step alkene is 
produced and on further addition of the reagent, a saturated compound is produced. 
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1.  Additionof Hydrogen 
H H 
H-C=C-H +H, "ү H-6-0-H ==, HGH 
H H H H 
Ethyne Ethene Ethane 
H-C=C-H +H, LSN, H-Ç=Ç-H 
H H 
H-C2C-H =, H,C=CH, 
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Product depends on the reagent used. 


Addition of halogens 
r Br 


CH Br Br B 
Br, Br, 
CH,-C=CH CCl, ‘el ССІ, с-н 
Вг Н Br Br 


1, 2- dibromopropene 1,1, 2, 2- 
tetrabromopropane 


During this reaction, the reddish brown colour of Br, is decolourised and hence this 
reaction is used as a test for unsaturation i.e. forthe presence of double and triple bond. 


Addition of H,0 (Hydration of alkynes) 





H-CH 1 

H . H,S0/HgS0, X S0, . fautomerises { 
HC=CH+H-OH — =m, j T ЕБЕ CH,-C-H 

Ethyne Vinyl alcohol Ethanal 
[Acetylene] [unstable] [Acetaldehyde] 


In case of unsymmetrical terminal alkynes, addition occurs in accordance with 
Markovnikov's rule. 


. Tautomerises — CH, i CH, 


Propanone 


86 5 6 6 OHH 
CH,-C=CH+H-OH 22886, lo | = 
3 





Propyne 
[Terminal alkyne] 
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° Acetylene is the only alkyne that gives an aldehyde on hydration. 
. All other alkynes give ketones. 


4. Addition of hypohalous acid 
Addition occurs in accordance with Markovnikov's rule 


6 6 6 6 Cl 2 1 
носон 2H. [CI-CH-CH-OH] _@-0н TH a Э у 











CI OH СІ 
[unstable] 2-2 dichloroethanal 
[a, a-dichloroacetaldehyde] 
Р OH 
ва [бубен] 68 | 

CH; —C=CH “arc adn” Mark. addn. OH Cl Mark addn. CH,- -CHCI, Ho” ОН» CHCI, 
Propyne OH 1, 1-Dichloropropanone 
[Terminal alkyne] [unstable] [a, a-Dichloroacetone] 


5. Addition of Hydrogen Halides (HCI, HBr, HI) 
In absence of peroxide, addition takes place by Markovnikov's rule 





Br 
R-C=C-H+HBr R- 4 =CH, шш, п-н 
Вг Вг 


° Reaction proceeds in two steps and can be stopped at the haloalkene stage. If it 
proceeds further, gem dihalide is obtained. 


6. Addition of Hydrogen Cyanide 


HC-CH«HCN 9. CH,=CH-CN 
Ba(CN), vinyl cyanide 
or acrylonitrile 





7. HC-CH«CH,0H —25*.. CH,=CH-O-CH, 


Methoxy ethene 
(Methyl vinyl ether) 
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(1) 


450 


0 
8.  HC=CH+CH,COOH 1. CH,-CH-O-G-CH, 


Ethenyl ethanoate 
(Vinyl acetate) 


Acidity of alkynes 


An sp hybridized carbon is more electronegative than sp’ or sp? hybridized carbon atom. Due to 
this greater electronegativity, the electrons of C — Н bond are displaced more towards the carbon 
than towards the hydrogen atom. The hydrogen atom is less tightly held by the carbon and 
hence can be removed as a proton [H'] by a strong base. Consequently, alkynes behave as acids. 


Na/A 


R-C = CNa' + 4H, 


NaNH, 


R-C = С-Н R-C = CNa' + NH, 


ЭЧЕ, R-C =C MgBr' + CH, 


Acetylene reacts with Ад“ and Cu’ to form insoluble acetylide. This reaction is shown only by 
terminal alkynes and thus can be used to distinguish between terminal and non-terminal 
alkynes. For example, 


Only terminal alkynes react 
R-C = C -H + Ag[NH,], > R-C=C Ag 4 + NH, 


Tollen's reagent White ppt. 


R-C = C- А + Ag[NH,],' > No reaction 


Terminal alkynes react with ammoniacal cuprous chloride to form red ppt. of copper acetylides. 
R-C = СН + [Cu(NH,),]* OH. 2 В-С = C-Cu J +H,0 +2NH, 


Red ppt 
Acidity order : 


i) | HC=CH>H,C=CH,>CH,—CH, 
ii) ^ HC=CH>CH,-C=CH>>CH,-C=C-CH, 


° Alkynes undergo some nucleophilic addition reactions also whereas alkenes do not. 
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f) 


o 
=0- +Nu 





Pe 
i 


Vinyl carbanion (more stable) 
Z 7 NG 
Ў; = 


Nu 


Alkyl carbanion (less stable) 





Vinyl carbanion is more stable because the negative charge is present on a more electronegative 
sp’ hybridised carbon atom. Alkyl carbanion is not stable because the negative charge is present 
ona sp hybridised carbon atom. 

(Ш) Polymerisation 


1.  LinearPolymerisation 





HC =CH {CH = ОН-ОН = CH). 


Polyethyne 


Polyethyne conducts electricity and can be used as electrode in batteries. 


2. Cyclic polymerization 


red hot iron tube 
HC = CH 873K g 


(Benzene) 





(IV) Oxidation reactions 
1. Oxidation with Cold dilute Potassium permanganate (Baeyer's reagent) 


= KMnO,, Н,0 
CH,-C=CH 998-303 K ^ CH,COOH+CO, 
Propyne Ethanoic acid 
[Acetic acid] 


298-303 K 


CH,-C=C-CH, MeH, CH.-C-0-CH, 
0 0 


But-2-yne 
Butane-2, 3-dione [Biacetyl] 


H-C=C-H —f"". , COOH-COOH 
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Oxidation with hot basic KMnO, 
KMnO,, H,O [0] 
үн 288-303 К TRO NEZ 098 





CHO COOH 
Acetylene Ethane-1,2-dial Ethane-1,2-dioic acid 
[Oxalic acid] 


CH,-C = C-CH, 559.72... 2CH,COOH 


But-2-yne Ethanoic acid 
Ann. КМпо,, Н,0 
CH,CH,-C = C-CH, —37 5 CH,CH,COOH + HOOCCH, 
Pent-2-yne Propanoic acid Ethanoic acid 


Oxidative Ozonolysis 


0 
= 0,/CH,Cl, Zn/H,0 
CH,-C = CH — = oH, -é- Н > CH; T i H 


Propyne 0—0 [reductive 


Propyne cleavage] 


Ozonide 


2- mad 





0 
CH,-C = C-CH, 2 — n,- é- b- CH, Se CH; T i -CH, 
But-2-yne 0—0 [reductive 
Butyne cleavage] = 2, Я dione 
ozonide 
Oxidation by SeO, 


R-C = С-А 2. R-C-C-R 
iB 
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Solved Examples 


li 


Which of the following hydrocarbon will decolourise bromine water and react with ammoniacal 
cuprous chloride to form red precipitate 


a  HHUOsUH, b. H-C=C-H 

с. CH,-CH=CH, d. CH,-C=C-CH, 

Ans — (b) All the four will decolourise bromine water but only terminal alkynes react with 
cuprous chloride to give red precipitate. 


Which of the following isomeric alkenes of molecular formula С.Н,, show geometrical 
isomerism? 


Н, 
i) CH,-CH,-CH=CH-CGH, li) "E = 0бН, 
C C 
iii) CH, m CH, TUF CH, iv) CH, — = CH - CH, 
a) only(i) b) only (ii) 
c) (i) &(ii) d) both (iii) & (iv) 


Ans (a) only (i) contains different groups on each of the two double bonded carbon atoms. 


Which of the following alkene on ozonolysis gives butan — 2 — one and 2 — methyl propanal 
C CC 
a. CH,-CH,-CH=C-CH,-CH, b. CH,- CH,- С=С CH, - CH, 


o. CH,-CH-CH-CH-CH-CH, d. CH,- ÇH -CH =Ç- CH,- CH, 
CH, CH, CH, CH, 


Ans. (d) CH,-CH-CHO + 0=Ç-CH,-CH, —тулдд— CH,~ ÇH- CH =Ç- СН, - CH, 


CH, CH, CH, CH, 
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Practice Questions 
1.  Predict the product C obtained in the following reaction of butyne 
CH,CH, - C = CH + HCI —— В —— С 


| 
а. снон - - CH, b. CHCE oa - CH, 
Cl Cl 


| | 
C.  CH,-CH, - CH, - | -H d. СН,-СН, – бн — СН,0І 
Cl 
2. In the reaction : 
CH.-C=C—H —LiNaNHe/ NHC) , (A) CH-CH,-CH.-Br — (B) 
Я = 








The product (B) is : 

a CH,- CS C - CH, - CH, - CH, b. CH,- CH = CH, 

с. CH,- CH,- C =C- CH, - CH, d. CH,- CH = C = CH - CH, - CH, 
3. The hydrocarbon which can react with Na/NH, is : 

a.  CH,-CH,-CH,-CSC-CH,-CH,-CH, b.  CH,- CH,- C = CH 

c. СН, - C=C- СН, d. СН, - CH, - C = C - СН, - CH, 


4. Inthe reaction sequence [X] will be : 


CH; 
X H,0/HgSO, / H,S0, [X] 
C=CH 
CH, CH, 
Oo * XX 
3 CH, - CHO 


(- CH 
0 
CH, CH, 
92 et p d лен 
ж H | CH. 
3 OSO,H 
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Identify the product in the reaction PhC = C – CH, E 

a.  PhCH,CH,CHO b. | PhCOCH,CH, 

c. | PhCH,COCH, d. РҺСОСОСН, 

When C,H,, CH, and C,H, pass through a test tube which has ammoniacal CuCl, find out which 
gas comes out unaffected from test tube? 

a. C,H, and CH, b. C,H, and C,H, 

c. С,Н, and CH, d. (C,H, 


Acetylene reacts with acetic acid in the presence of Hg" to give 


a.  CH,- CH(OCOCH,), b. id - (ОСОСН,), 
CH — (OCOCH,), 
c. СН, = CHOCOCH, d. all of these 


In the following reaction 
CH, возо [X] > CH, – CHO, what is [X]? 


a. СН, = CH,OH b. CH,-0-CH, 
c. ОН СН CHO d. H,C = CHOH 


Acetylene reacts with HBr to produce 
a. 1, 2 - dibromoethene b. 1,1-dibromoethene 
C.  a-bromoacetone d. 41,1-dibromoethane 


1 - Penten – 4 – yne reacts with 1 mole of bromine to produce 
a. 4,4, 5, 5 —tetrabromopentene 

b. 1, 2, -dibromo-—1, 4-pentadiene 

C. 1, 1,2, 2, 4, 5-hexabromopentane 

d.  4,5-dibromo-1-pentyne 
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11. The number of structural and configurational isomers of a bromo compound, C.H,Br formed by 
the addition of HBr to 2-pentyne respectively are 
a. 1апа2 b. 2and4 
c.  4and2 d. 2and1 
12. The decreasing order of acidic character among ethane (1), ethene (11), ethyne (111) and propyne 
(IV) is 
а ПМ b. ПШ 
с. ШМ d. МШП 
Answers 
1 à 2 à 3. b 
4 a 9 b 6. C 
7 C 8 d 9 d 
10 d 11 b 12. C 
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Aromatic Hydrocarbons 


Benzene 


Structure: 


Also known as arenes. 


Are cyclic, highly unsaturated compounds having different properties as compared to 
alkenes and alkynes. 


Arenes containing benzene ring are called benzenoids and the ones not containing a 
benzene ring as non — benzenoids. 


(Kekule Structure) 


0—0-0*0 


C.H, Cyclic, hexagonal, planar 
Highly unsaturated but does not behave like alkenes or alkynes. 
Forms only one monosubstituted compound. 


Due to resonance all C — C bond lengths are equal i.e. 1.39 А and are between C = C bond 
length (1.34 À) and C-C bond length (1.54 A). 


All six carbon atoms in bezene are sp’ hybridized, and each C forms two C — C sigma bonds 
with adjacent carbons and one C — H sigma bond. The remaining unhybridised P orbital 
overlaps laterally with adjacent carbons to form a pi cloud. 


Six я electrons are delocalized along plane of ring and impart extra stability to the 
molecule. 


Since isolated ~ bonds are no longer available for addition reactions, benzene undergoes 
substitution rather than addition so that resonance is not diminished. 


Aromaticity (Huckel Rule) 


According to Huckel, a molecule is aromatic if it is cyclic, planar and has a delocalized х electron cloud 
of (4n +2) x electrons in the ring where n is an integer (i.e. n 2 0, 1,2 ...... ) e.g. benzene, naphthalene, 
anthracene, furan, thiophene, pyrrole, pyridine, cyclopentadienyl anion etc. 
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Preparation 


° Commercially obtained from coal tar and petroleum. In laboratory it is prepared as, 


1. From ethyne 


H 
UN 
He CH Red hot 
HC CH Fe tube 873 K 
A 
HC Benzene 


2. From benzenediazonium chloride 


N = NCI 
+ Н,РО, + HO. —— Q + N, + HCI + Н,РО, 


Benzenediazonium chloride Benzene 


3: From benzenesulphonic acid 


50,Н 
+H, —, +Н,50, 
Steam 


Benzenesulphonic acid Benzene 


4. From sodium benzoate by decarboxylation with soda – lime (Laboratory method). 


COONa 
© + Маон —224. + Na,C0, 


Sodium benzooate Benzene 


5. From phenol by reduction with zinc dust. 


OH 
Zn dust 
О ава. (У) azo 


Phenol Benzene 
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From chlorobenzene by reduction with Ni — Al alloy / NaOH. 


CI 
O ау. Q + HCI 


Chlorobenzene Benzene 


7. From hexane 


10-20atm, 773K 
CH,(CH,),CH, Cr,0,, V,0;, Mo,0: 


Benzene 


Physical Properties 


Physical state : Monocyclic are usually colourless liquids, higher homologues and polynuclear are 
usually solids. 


Solubility : Non polar molecules and thus immiscible with water and miscible in organic solvents like 
ether, hexane etc. 


Melting and boiling points : Though boiling points increase with increasing molecular mass but 
melting points do not show a regular increase because of their dependence on symmetry of the 
molecule. 


Chemical Reactions 


° Benzene ring serves as a source of electrons due to the presence of 7 — electron cloud 
above and below the plane of ring and thus is attacked by electrophiles. Since it resists 
addition reactions due to resonance stabilization the main reactions of aromatic 
hydrocarbons are electrophilic substitution reactions. However benzene undergoes some 
addition and oxidation reactions as well. 


Electrophilic substitution reaction 


° In this reaction hydrogen atom of the ring is replaced by electrophile (generally strong 
electrophile) which is obtained from the reagent. 
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° Electrophilic substitution reaction generally takes place in the presence of Lewis acid as 
catalyst. The most common Lewis acids are neutral electrophiles like anhy. AIX,, anhy. 
ZnCl,, anhy. SnCl,, anhy. SbCI,, SbF,, and ВЕ.. 


Mechanism of Electrophilic substitution reactions 
Takes place in three steps, 


i) Generation of electrophile : takes place differently for different electrophiles E* as 
exemplified in the text below at appropriate place 


li) | Formotion of arenium (carbocation) ion : Electrophile attacks the benzene ring to give a o— 
complex (arenium ion) which is resonance stabilized and has one sp? hybridized carbon. 


H H AH H 
O- [O08 -69-c* 
ft + 


Arenium ion 


° Arenium ion is not aromatic because it contains one sp? hybridized carbon which is 
not involved in delocalisation. 


iii) Loss of proton (H^) 
Аун Е 


-H+ 


E. Los. 


Substitution 
Product 


° sp? hybridized carbon looses H' to restore aromatic character in the substitution 
product. 
Various electrophilic substitution reactions of benzene are 


a)  Nitration 
NO, 


conc. ЕЯ 
onc. H,SO, 


Benzene Nitrobenzene 
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Generation of electrophile, nitronium ion (NO,. In this case, nitration of benzene requires sulphuric 


acid as a catalyst. Sulphuric acid protonates nitric acid followed by loss of water from the protonated 
nitric acid to form a nitronium ion, the electrophile required for nitration. 


PU ,,U Ө Ф „0 „0 
ѕіер1: НО 50,01 + H-0-N , «= ноб, u- (oC. <= HOH + NO 
`0 0) No 
b) Sulphonation 
S0,H 
© +S0,+ H,$0, ——— + HO 
(Fuming 
Benzene Sulphuric acid) Benzenesulphonic acid 


or oleum 


Generation of electrophile : 
2H,SO, === 50, + HSO; + H,O* 


Sulphur trioxide acts as an electrophile and hence attacks the benzene ring to form a carbocation 
which is stabilized by resonance. 


c)  Halogenation 


©) = any A AICI, © +HCI 
С) Fe or ео, Ф 


Generation of electrophile : 


+HBr 


Inthe first step of the reaction, bromine donates alone pair of electrons to the Lewis acid to form 
acomplex which on dissociation gives Br and Fe Br,. 


:Br – Br/ + FeBr, ——-:Br cr - FeBr, —— Br + :Br — FeBr, 
electrophile 
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d) 


462 


e The catalysts FeBr, or AICI, act as a halogen carrier only and are regenerated in the last 
step. 


° Fluorination is not carried out directly because the reaction between benzene and fluorine 
is very vigorous. 


. Preparation of iodobenzene requires the presence of an oxidizing agent because the side 
product (HI) produced is a strong reducing agent. 


Friedel crafts alkylation 


Anhyd. AICI 
+R-0 ==. «HCl 
Alkyl chloride 


Benzene Alkylbenzene 


Generation of electrophile 


ô+ ô- 
RLC + Ас, —— B — Galcl, 





R + AICI, 


Limitations of Friedel-Crafts Reaction 


° Reactivity of aromatic compounds : Aromatic compounds whose reactivity is comparable 
with or greater than that of benzene give this reaction. Compounds having strong 
deactivating groups do not give this reaction. Compounds having -NH,, -NHR, -NR, and - 
OH groups also do not give this reaction. 


. The carbocation formed from alkyl halide, can rearrange to a more stable carbocation, and 
the major product is obtained from the most stable carbocation. 


CH, 
CH, - CH, – CH, CH 
"CH, 
O +CH,- CH,- CH,- СІ as + 
Minor product Major product 
HO CI — Hp О ОН нео 
1° carbocation 2" carbocation 
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e)  Friedel Crafts acylation 


1 Anhy. AICI евин 
+СН,=-С- 01 “UA. + HCI 
Acetyl chloride 
Benzene Acetophenone 
CH,CO COCH 
` Anhy. AICI 
+ О УА, + CH,COOH 
CH,CO~ 
Benzene Acetophenone 
Acetic anhydride 
| 
Anhy. Ay AD. E 
Benzene Benzoyl chloride benzophenone 


Generation of an electrophile 


The acid chloride or anhydride reacts with anhydrous aluminium chloride to form acylium ion. 
(R-C'20) which acts as an electrophile. 


0 
| N "We i _ 
R-C-Cl+Alcl, —[в-6 +0 —-R-C=6: | + AICI, 
Acid chloride Acylium ion 
Similarly anhydride also reacts with AICI, to give acylium ion. 


E C : 
0 К СЕ к: СЕ 0 | + R - C - ОАСІ, 


| Acylium ion 


Acid anhydride 


° Polyacylation in Friedel-Crafts reaction is not possible because acyl group is а 
deactivating group and only monosubstituted product is formed. 
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Addition Reactions 


1. Addition of dihydrogen 


©) mC) 


2. Addition of halogens 
Cl 


Cl Cl 
(О) ОТА 
СІ Cl 
Cl 


Benzene Hexachloride (BHC) 


° Product obtained is 1, 2, 3, 4, 5, 6-hexachlorocyclohexane or BHC or gammaxene which 
is used as an insecticide. 


Oxidation Reactions 
0 


CH^ М 


0 
tto W бн / +290200, 


O) 


0 


Maleic anhydride 


COOH 


CH, 
О) вее. KMnO, / OK © 

CH,CH, COOH 
O me KMnO, / OH" © 


° KMnO0, and К,Сг,О, have no action on benzene but the alkyl group attached to benzene gets 
oxidized to – COOH group irrespective of its size. 
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3. 


Combustion 


C,H, + 2 0, — 6CO, + 3H,0 


Directive Influence of Functional Groups іп Mono—Substituted Benzene 


When a monosubstituted benzene derivative is subjected to electrophilic substitution, ortho, meta or 
para disubstituted derivatives are formed which are formed in unequal ratios. 


This ability of a group already present in the benzene ring to direct the incoming group to a particular 
position is called the directive influence of groups. 


1. 


0, p-directing groups. The substituents or groups which direct the incoming group to ortho and 
para positions are called ortho, para—directing groups. For example — CH,, -CH,CH,, —C,H,, —Cl, 
—Br, –1, -OH, -OCH,, -OCOCH,, -NH,. 


E 'ÜH ‘OH СОН ОН 
8.5.5. 6.6 
[39 
| Ш III IV V 


Phenol 


The electrophile will attack the benzene ring at a position where the electron density is high. 
Since the electron density is high at o- and p-position than at m-positions in phenol, so the 
electrophile will attack preferentially at o- and p-positions. Thus, OH group is o, p-directing. 


similarly the directive influence of -CH, group is explained by hyperconjugation. 


ME EN | 

H-C7H H-C Ñ H-C H H-C Ñ 

O-O — СР С 
V 5) 


Effect of o, p-directing substituents on reactivity : Since o-, p-directing groups increase the 
electron density in the benzene ring therefore, the ring gets activated and the further electrophilic 
substitution in the ring becomes easier. 


The electron donating ability of some substituents follows the order : 
—0°>NH,>NR,>-OH>-OCH,, -NHCOCH,>-CH,>-X(-F>-Cl>-Br>-1) 


Higher the electron donating ability of a substituent, faster is the reaction. 
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2.  m-directing groups. The substituents or groups which direct the incoming group to the meta 
position are called meta-directing groups. For example. 


(CH,),V',-NO,, -CN, -CF,, -CHO, -COR, -COOH, -COOR, -SO,H 


All electron withdrawing groups are m-directing 


-0 (0 -0 0- -0 0- -0 (© -0 (0 
м NEZ NE NEY м 
N N N N N 
O-G-o-0 

Nitrobenzene (Resonance in nitrobenzene) 


These meta directing groups withdraw electrons from the ring and this withdrawl is maximum 
from ortho and para positions as seen from the resonance structure. The +ve charge is at ortho 
and para positions. 


Since electron density is comparatively more at m-position than at o- and p-position so further 
substitution takes place at m-position. 


Directive influence of halogens 


Halogens are deactivating due to- effect. They are o, p directing due to + R effect 


+h 


Gh SE bl 
са 


Chlorobenzene (Resonance in chlorobenzene) 


As a result, halogens are o, p-directing. Due to combined result of +R effect and -l effect of halogens 
they are deactivating but o, p-directing. 
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Solved examples 
1. The value of n for following compound as per Huckel's rule is 


a. 3 b. 5 
C. 7 d. 14 
Ans. a 


No. ofelectrons is 14. So n is 3(4х3+2= 14) 


Given (O)-th« Br, =. 


The major product formed in the above reaction is, 


00 Qe ‘a Oe 
B Br 


r 


ТО (O) 
Br 


Ans. b 
СЕ, is a-l effect group and hence is meta directing 
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Practice Questions 


1. WInwhich ofthe following polysubstitution takes place? 


COCH 
a. © +СН,СОСІ Ah. (Of | 

CH 
b O НС. == (Of | 
А 3 

NO, 
C. O +HNO, —~22- — (Of 

SO.H 
‚ Qe — 0 


2. Which one of the following is most reactive towards electrophilic attack? 


Cl 


О 


CH,OH N 
To 


3.  Thecompound Xinthe reaction 


O + ICI Anhyd. AICI, X 
" { yo b. 


C 
" TOn d. (ys 
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4. Which one of the following is an intermediate in the reaction of benzene with CH,CI in the 
presence of anhydrous AICI,? 


a. Cr b. CH, 


С. CH,” d. O 


5. The major product obtained on monobromination (Br,/FeBr,) of (A) is 





OCH, 
(A) CH, 
OCH, OCH, 
Or 
a b. 
CH, CH, 
Br 
OCH, OCH, 
Br 
C d. 
Br CH, CH, 
HNO, Br, 
6. @ Н,50, -A TA -B 
NO, NO, 
Br 
a. b. 
Br 
NO, NO, 
© “ДӘ 
Br Br 
Br 
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7. Inthe reaction, C,H,CH, Oxidation, A NaOH, B Sodalime,C the productCis 
а. C,H.OH b. C.H, 
C. C,H,COONa d. C,H,ONa 





8.  Thetreatment of benzene with isobutene in the presence of sulphuric acid gives 
a. Isobutylbenzene b. tert-Butylbenzene 
b. n-Butylbenzene d. No reaction 


9.  Toluene when refluxed with bromine in the presence of light gives mainly : 
a. o-bromotoluene b. m-bromotoluene 


b. p-bromotoluene | benzyl bromide 


10. Theproduct [S] ofthe given reaction is/are, o^ е Product [S] 


a. Only os b. only JO) 
б Mix of (a) and (b) ' Only QQ СО, 


11. Among the following compounds, the decreasing order of reactivity towards electrophilic 


substitution is Q © 


OCH, 
III 


3 


a. Ill» 1» Il» IV b. IV»I» II» HI 
С. I» I» HE» IV d. Il» 1» IIl» IV 


12. Among the following, the compound that can be most readily sulphonated is 
a. | benzene b.  nitrobenzene 


б: toluene d. chlorobenzene 
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13. 


The compound that is most reactive towards electrophilic substitution is 
a. toluene b. benzene 


p. benzoic acid d.  nitrobenzene 


The reaction of toluene with chlorine in presence of ferric chloride (FeCl,) gives predominantly 

a. benzoyl chloride b. mechlorotoluene 

б. benzyl chloride d.  o-andp-chlorotoluene 

Chlorination of toluene in the presence of light and heat followed by treatment with aqueous 
NaOH gives 

a. O-Cresol b.  p-cresol 

C.  2,4-dihydroxy toluene d. benzoic acid 

Identify the correct order of reactivity in electrophilic substitution reactions of the following 
compounds, Benzene (1), Toluene (2), Chlorobenzene (3) and Nitrobenzene (4) 

a. 1>2>3>4 b. 4>3>2>1 

с. 2>1>3>4 d. 2>3>1>4 


Benzyl Chloride (C,H,CH,Cl) can be prepared from toluene by chlorination with 
a. 50,0, b. 5081, 
c. — Chin presence of uv light d. NaOCl 


Inthe following reaction 


Q i 
N Conc. HNO, X 
H Conc. H,S0, 


Thestructure of major product X is 
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19. 
С d. 

Answers 
1. b 2. a 3. b C 
B. b 6. a 7. b b 
9. d 10. C 11. a 12. С 
13. а 14. d 15. d 16. C 
17. C 18. b 19. b 
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UNIT - 14 
ENVIRONMENTAL CHEMISTRY 


Learning Objectives 


After studying this unit, student will able to 
° Explain about environmental chemistry 
. Understand the reasons of global warming. 
° Explain the cause of atmospheric pollution and acid rain. 
. Describe the reasons for ozone hole and its effects. 
° Understand about the water pollution, soil pollution. 
° Understand the importance of green chemistry. 
° Learn the different aspects and application of chemistry in environmental issues. 


Environmental Chemistry : 


° It deals with the study of the origin, transport, reactions, effects and fate of chemical 
species in the environment. 


° Broadly, environmental studies deal with the sum of all social, economical, biological, 
physical and chemical interrelations with our surroundings. 
Environment: 
It means surroundings. it consists of four components: 


(i) ^ Atmosphere. It is a cover of gases upto a height of about 1600 km from the surface of the 
earth. Gases mainly present are O,, №, O,, CO, and H,O vapour. It is further divided into 
four regions: 


(a) Troposphere (0 — 11 km). It is the domain of all living organisms and is greatly 
affected by air pollution. Temperature decreases from 15°C to — 56"C. 


(b) Stratosphere (11 — 50 km). It contains ozone and hence is called ozonosphere. It 
protects the living organisms from harmful ultraviolet radiation. Its temperature 
increases from —56°C to — 2°C. 


(c) Mesosphere (50 — 85 km). It contains gases in the ionized form (NO' etc.) and is 
called ionosphere. Its temperature decreases from — 2°C to — 92°C. 
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(d) Thermosphere (85 – 500 km). It is also ionosphere. Its temperature increases from 
— 92°C to 1200°C. 


(ii) | Hydrosphere. It is that part which contains water in the form of ocean, rivers, lakes, etc. It 
covers about 75% of earth's surface. 


(iii) Lithosphere. It consists of solid components like soil, rocks, mountains, etc. The upper 
part consisting of weathered rocks and organic matter is called soil. The lower 8 — 40 km 
thick part is called crust. 


(iv) Biosphere. It consists of animals and plants. 


Environmental Pollution : The addition of undesirable material to air, water and soil by natural sources 
or due to human activity to such a level of concentration that adversely affects — the life on the earth is 
called environmental pollution. 


Pollutant 


° The undesirable material added to the environment due to human activities or due to 
natural happenings. 


. It can be solid, liquid or gaseous substance present in greater concentration than in 
natural abundance. 
Types of pollutants 


(i) ^ Primary pollutants : Which after their formation enter into environment directly, e.g., NO 
formed from N, and О,. 


(ii) ^ Secondary pollutants : Which are formed from primary pollutants, e.g Peroxyactylnitrate 
(PAN) from oxides of nitrogen and hydrocarbons. 


° The secondary pollutants may be more toxic than the primary ones. 


Classification of pollutants from the ecosystem view point 


(i) | Degradable : Which are decomposed after some time automatically (e.g. heat) or by 
microorganisms (biodegradable, e.g. discarded vegetables, domestic sewage etc.). 


(ii) | Nondegradable : Which are not easily decomposed and remain in the environment in an 
unchanged form for many decades. e.g. DDT, plastic, heavy metals (Hg), nuclear wastes. 


Difference between a pollutant and a contaminant : A pollutant is a substance produced by natural 
source or human activity or combined effect of both such that its concentration is so high that it has 
harmful effects on living organisms or non-living components. А contaminant is a substance added 
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into environment only by human activity and may or may not be harmful to living organisms or non- 
living components. 


Threshold Limit Value (TLV) : The permissible limit of a pollutant in the atmosphere to which if a worker 
is exposed for 8 hours a day or 40 hours of a week throughout his life, there is no adverse effect on him 
is called threshold limit value. TLV of CO is 40 ppm while that of CO, is 5000 ppm. 


Air or Atmospheric Pollution : It is the addition of undesirable materials (solid or gaseous) into the 
atmosphere either from natural phenomena or human activity which adversely affects the quality of air 
and hence life on the earth. 


Tropospheric and stratospheric pollution are mainly studied as atmospheric pollution. 


Major Tropospheric Pollutants : 


1. Gaseous Air Pollutants : oxides of sulphur, nitrogen and carbon, hydrogen sulphide, 
hydrocarbons, ozone and other oxidants act as gaseous air pollutants. 


(a) Oxides of sulphur (SO, and $0.) : They enter into atmosphere mainly due to volcanic 
eruptions. They are also produced due to combustion of sulphur containing coal and fuel 
oil in thermal power plants and due їо roasting of sulphide ores (FeS,, CuFeS,, ZnS, PbS, 
etc.). Both SO, and SO, are strongly irritating to respiratory tract. SO, causes throat and 
eye irritation. It causes breathlessness and affects larynx (voice box). It slows down the 
formation of chlorophyll in plants causing loss of green colour. It is called chlorosis. They 
also cause acid rain. 


250,(0) +0,(0) ——— 280,(9) 
50,(0) + 0,(0) m —À— 90,(9) + 0,(9) 


50,(0) + H,0,(1) ——— H;SO,(aq) 


(b) Oxides of nitrogen (NO, NO,, etc) : They are produced due to combustion of fossil fuels 
(coal, oil, gasoline etc.) both in motor vehicles and power plants where temperature rises 
so high that N, and O, of air combine to form NO, NO,, etc. (N, + O, 1483K, 2 NO; 2 NO + 
0, 2 NO,). At present pollution level neither NO nor NO, is harmful. NO, is more 
dangerous as it is a toxic gas and affects respiratory system and damages lungs. 
Concentration » 100 ppm is fatal. Though NO has about 1500 times greater affinity than 
CO for haemoglobin but fortunately, it is unable to enter the blood stream from 
atmosphere. But presence of large amounts may increase NO, by oxidation and thus 
become harmful. Further, oxides of nitrogen in air cause acid rain and cause 
photochemical smog. NO, is also harmful to various textile fibres and metals. 
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(c) 


(d) 


(ii) 


Hydrocarbons : the main source of hydrocarbon pollutants is the internal combustion 
engines in which unburnt fuel or partially burnt fuel is emitted in the exhaust gases. 


At low concentration, they are not harmful. At concentration » 500 ppm, they are 
carcinogenic and cause cancer. On photochemical reaction with O, and oxides of nitrogen, 
they form harmful compounds and produce photochemical smog. 


Oxides of Carbon: 
(i) Carbon monoxide (CO) : One of the most serious air pollutant. 


It enters into atmosphere mainly due to incomplete combustion of fossil fuels or 
hydrocarbon fuels or hydrocarbon fuels of automobiles. It is poisonous because it 
combines with haemoglobin more easily than oxygen to form carboxyhaemoglobin 
(Hb + CO > HbCO) which is much more stable than oxyhaemoglobin. Thus, the 
function of haemoglobin to transport oxygen to different parts of the body is 
hindered. Thus, body becomes oxygen-starved. The disease is called anoxia or 
asphyxiation. If CO exceeds 100 ppm, person suffers headache and dizziness. If CO 
exceeds 750 ppm, it leads to coma and death. For this reason, a burning coal angithi 
ina closed room in winter should never be used. 


Carbon dioxide (CO,) : It forms abut 0.03% by volume of the atmosphere. 


° It is released into atmosphere through many processes like respiration, burning of 
fossil fuels etc. 


° CO, acts as a pollutant when its amount increases from 0.03%. 
° Itisthe major contributor to global warming. 


Greenhouse effect and Global Warming : 
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Natural Greenhouse effect is the natural phenomenon which keeps the earth warm and 
maintain its temperature. 


Gases such as CO,, CH,, O,, CFCs and water vapour in the atmosphere trap the heat which 
earth radiates backto the atmosphere. 


If the % of these gases increases from a certain level, then they add to the heating of 
atmosphere which causes global warming. 


CO, is the major contributor to global warming. 
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Consequences of greenhouse effect: 


(i) 


(ii) 


(ii) 


Acid Rain 


Due to increase in temperature of earth's surface, melting of glaciers and polar ice caps 
will occur. As a result, level of sea water may rise causing floods in the coastal land. 


Due to higher concentration of CO, in the atmosphere, the plants undergoing 
photosynthesis will take up the gases at a faster speed. As a result, the plants in warmer 
Climates and adequate rainfall would grow faster. 


Higher global temperature is likely to increase the incidence of infectious diseases like 
malaria, dengue, yellow fever and sleeping sickness. 


It is the rain water containing H,SO, and HNO, (along with small amounts of HCI acid) which are 
formed from the oxides of sulphur and nitrogen present in the air as pollutants and has a pH of 4 — 5. 
(Remember that normal rain water has a pH of about 5.6). The acids are produced in the air from 
oxides of nitrogen and sulphur present as pollutants through the following reactions : 


(i) 


(ii) 


(iii) 


(iv) 


NO + 0, —— NO, + 0,, NO, + 0, — NO, + O,, NO, + NO, —~—N,0,, 
N,O, + HO —— 2 HNO, 


Noot 
2 S0, +0, — — — 2 50, $0, + Н,0 ——— Н,50, 
or metal ions 
HNO, and H,SO, formed above combine with HCI present in air and come down to earth 
along with rain. It damages buildings made of marble like Taj Mahal at Agra, iron and steel 
structures. Increase of acid in lakes causes fish to die. 


Acid rain increases the acidity of water in the lakes which is lethal for the fishes. For this 
reason, some of the lakes have become fishless. Thus, it has greatly affected the fish 
population. 


Acid rain damages leaves of trees and plants and retards the growth of forests 
(as it happened in Swedish forests). It also retards the growth of certain crops such as 
peas, beans, potato, raddish, carrot, spinach, etc. 


Methods to reduce the formation of acid rain. Acid rain is due to emission of sulphur dioxide and 
nitrogen dioxide in the atmosphere. Therefore, to reduce the formation of acid rain, the emission of 
these gases has to be controlled. The following steps may be taken: 


(i) 


By using less vehicles driven by fossil fuels. 
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(ii) | By using less sulphur content fossil fuels for power plants and industries, e.g., by using 
natural gas which is a better fuel than coal or using coal with less sulphur content. 


(iii) By using catalytic converters in cars so that NO, present in the exhaust gases is converted 
into N, at 573 K. (The main component of the converter is a ceramic honeycomb coated 
with precious metals like Ptand Rh). 


(iv) Byadding powdered limestone to neutralize the acidity of the soil. 


2. Particulate Pollutants : 


These are small solid particles and liquid droplets suspended in the air. They are present in the air 
in the form of soot (produced due to incomplete combustion of fossil fuels), fly ash (coming 
with the furnaces), inorganic particles (metallic, metal oxides, lead halides, asbestos dust, 
sulphuric acid and nitric acid) and organic particles (paraffins, olefins, polycyclic aromatic 
hydrocarbons, i.e., PAH, etc.). The particulates may also be classified as viable and non- 
viable. Viable particulates are small size living organisms such as bacteria, fungi, moulds, 
algae, etc. Non-viable particulates are formed by disintegration of large size materials or 
condensation of small size particles or droplets. These include mist, smoke, fumes and dust. 
These particulates pass through the nose (bigger than 5 microns) easily and enter the lungs 
(having the size of about 1.0 microns), where they act as sites for adsorption of carcinogenic 
compounds causing lung cancer and bronchital asthma. 


This disease is common in industrial workers and is called pneumoconiosis, (asbestosis due to 


asbestos, silicosis due to silica, etc.). They scatter light and hence affect visibility on foggy 
nights. They counteractthe greenhouse effect as they reflect back heat of sunlight. 


Smog and its kinds, The word 'smog' is a combination of 'smoke' and 'fog' because earlier, it 
was found to be formed by condensation of fog on carbon particle. 


(i) ^ London smog/Sulphurous smog/Classical smog : This type of smog was first observed in 
London in 1952. It is formed due to presence of SO, and humidity in the air which combine 
to form H,SO, fog which deposits on particulates. It involves smoke and fog. It is formed 
in the months of winter particularly in the morning hours when the temperature is low. It 
causes bronchitis irritation i.e., problem in the lungs. As it contains C and SO,, it is 
reducing in nature and therefore, called as reducing smog. 

2 50,4 0, —— 250, 
S0, +H,0 —— H,SO, 


(ii) | Photochemical smog/Los Angeles smog: It was first observed in Los Angeles in 1950. It is 
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formed due to photochemical reactions taking place when air contain NO, and 
hydrocarbons. 


Formation of photochemical smog. 
NO, —— №0 +0 

040,—— 0, 

0, +NO —— №, +0, 

RCO +0, — RCO, 
RCO, + Hydrocarbons 
АСО, + NO RCO, + NO, 











RCHO, R,C = 0 





Harmful effects of photochemical smog : 


(i) 


( 
( 
( 
( 


Classical smog (London smog) 


1 


) 


IV 


V 


) 


) 
) 


All these compounds (particularly ozone and PAN) produce irritation in the eyes and also 
inthe respiratory system. 


They also damage many materials such as metals, stones, building materials, etc. 
Ozone is particularly destructive to rubber (in which cracks are developed). 

Itisalso harmful to fabrics, crops and ornamental plants. 

NO, present gives a brown colour to the photochemical smog which reduces visibility 


Photochemical smog (Los Angeles smog) 


This type of smog was first 1 This type of smog was observed in Los 
observed in London in 1952. Angeles in 1950. 


It is formed due to presence of 2 It is formed due to photochemical reaction 
SO, and humidity in the air taking place when air contains NO, and 
which combine to form H,SO, hydrocarbons. 

fog which deposits on the 

particulates. 


It involves smoke and fog. 3 It does not involve any smoke or fog. 
The word smog is a misnomer here. 


It is formed in the months of 4 It is formed in the months of summer 
winter particularly in the during afternoon when there is bright 
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morning hours when the sunlight so that photochemical reactions 
temperature is low. can take place. 

5 It causes bronchitis irritation, 5 It causes irritation in the eyes. 


i.e., problem in the lungs. 
6 It is reducing in character. 6 It is oxidizing in character. 


Stratospheric Pollution: 
Formation and Breakdown of Ozone layer 
Ozone layer exists at an altitude of 25-30 km (in the stratosphere). It absorbs the harmful UV radiation 
coming from the sun and hence protects life on the earth. So, it is important to maintain the ozone 
shield. 
Formation of 0, 

0,(g) —“-0(g) + O(g) 

O(g) +0,(g) == 0,(9) 

О, is thermodynamically unstable 











Depletion of Ozone layer (Creation of ozone hole) is taking place due to reaction with NO (produced 
from natural sources or human activity or in the exhaust gases of engines of supersonic planes) or by 
reaction with chlorofluorocarbons (CFCs), called freons (produced from aerosol sprays used in 
propellants or from refrigerators where they are used as coolants). 


№ +0, NO, +0, 
NO, +0 NO+0, 
CF,Cl,(g) —“—- Cl(g) + CF,Cl(g) 
Cl(g) +0,(g) ——— ClO(g) +0,(g) 
ClO(g) + O(g) ——- Cl(g) + 0,(g) 











Ozone Hole : Depletion of ozone layer, known as ozone hole. 


° A special type of clouds known as polar stratospheric clouds which forms over Antarctica 
in winter season are responsible for O, depletion. 


° A series of chemical reactions takes place on the surface of clouds which leads to the 
formation of Cl(g) (Chlorine radical). 
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Effects/Consequences of depletion of ozone layer 


(i) 


(ii) 


(iv) 


It has been found that with increase in the exposure to ultraviolet radiation, the chance for 
occurrence of skin cancer increases. 


Exposure of eye to ultraviolet radiation damages the cornea and lens of the eye and may 
cause cataract or even blindness. 


Exposure of plants to ultraviolet radiation adversely affects the plant proteins and results 
inthe reduction of chlorophyll and harmful mutation. 


Ozone depletion has a very strong effect on climate. Ozone layer absorbs the ultraviolet 
radiation and heats up the stratosphere, setting up a temperature gradient from —56'C to 
—2"C as the altitude increases from 11 to 50 km. Depletion of ozone layer will upset the 
heat balance ofthe earth. 


Water pollution : It is the contamination of water by foreign substances which make it harmful for 
health of animals or plants or aquatic life and make it unfit for domestic, industrial and agricultural use. 
Depending upon the source, we may have following type of water pollutions : 


(i) 


(ii) 


(iv) 


Ground water pollution : |t is water present below the surface of the earth and is pure 
because it collects after passing through the soil. However, due to industrial effluents and 
fertilizers and pesticides, it gets contaminated. 


Lake water pollution : |t occurs due to flow of inorganic nutrients from agricultural land 
and toxic materials from urban areas or dumping of industrial effluents into them. 


River water pollution : It occurs due to discharge of industrial wastes and domestic 
sewage into them. 


Sea water pollution : It occurs due to wreckage of oil tankers or oil leakage from pipe lines 
or refineries located nearby or deliberate marine pollution by crude oil. The spreading of 
oil, into sea is called oil-spill and layer on the surface is called oil slick. It causes heavy 
damage to fishery and sea birds and aquatic animals. 


Sources of water pollution 


Sewage and domestic wastes 

Industrial effluents 

Agricultural nutrients 

Thermal power plants (causing increase of temperature) 
Radioactive discharges 
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(vi) Polychlorinated biphenyls (PCBs) used in transformers and capacitors. 


Point Source : Easily identified source or place of pollution e.g, municipal and industrial discharge 
pipes. 


Non point source : Non point sources of pollution are those where a source of pollution cannot be 
easily identified. e.g., agricultural run off, acid rain. 


Causes of Water Pollution : 


(i) ^ Pathogens : Most serious water pollutant. Pathogens include bacteria and other 
organisms that enter water from domestic sewage and animal excreta. 


(ii) | Organic wastes : One of the major water pollutant. These include leaves, grass, trash etc. 
These wastes are biodegradable. 


Biochemical Oxygen Demand (BOD) of water 


Aquatic life needs dissolved oxygen However, human sewage and organic wastes of 
industry create a problem. Similarly, leaves, grass trash etc., also enter into water due to 
run off. They result in excessive phytoplankton growth. The microorganisms which 
decompose this organic waste need oxygen which depends upon amount of waste 
present. The total amount of oxygen consumed by microorganisms (bacteria) in 
decomposing the waste (organic matter) present in a certain volume of a sample of water 
is called Biochemical Oxygen Demand (BOD) of water. This decomposition requires a long 
time (20-30 days). Hence, we determine BOD,, i.e., oxygen consumed in 5 days. This is 
done by first saturating the water with oxygen and incubating it for 5 days at 20°С. Oxygen 
remaining after 5 days is determined and oxygen consumed is found by subtraction. Pure 
water has BOD, «5 ppm and polluted water » 17 ppm. 


(iii) Chemical Pollutants : This class of pollutants includes a variety of inorganic chemicals 
(heavy metals such as Cd, Hg, Ni), organic chemicals, acids, salts, petroleum products 
and industrial chemicals (e.g., polychlorinated biphenyls (PCBS)). 


Any pollutant which is not an organic waste or pathogens comes under chemical 
pollutant. 
Chemical Oxygen Demand (COD) 


This is a quicker method. It consists in treating the given sample of water with a known amount of an 
oxidizing agent, generally K, Cr, 0, + dil H,SO,. All pollutants get oxidized. The amount of K, Cr, O, left is 
found by titration against Mohr salt and resultis calculated. 
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Eutrophication : The process in which nutrient enriched water bodies support a dense plant 
population, which kills animal life by depriving it of oxygen and results in subsequent loss of 
biodiversity is known as Eutrophication. 


International standards of drinking water : 





(i) Fluoride <1 ppm (1 mg dm )- protects teeth against decay by converting hydroxyapatite 
(teeth enamel) into harder fluorapatite. 

(ii) Lead<50 ppm or ug dm”°-— Higher concentration causes damage to kidney and brain. 

(iii) Sulphates «500 ppm — Higher concentration has laxative effect. 

(iv) Nitrates < 50 ppm – Ехсеѕѕ causes methemoglobinemia (stomach cancer). 

(0)  pH55-9.5. 

(vi) Other Metals : Some metals are present in drinking water in a limited concentration. If the 
concentration exceeds from a certain value then these metals become harmful. 
шы [  Maimamcoenainppnarmgin | 

Soil pollution 


Soil isthe uppermost part of earth's crust. It consists of 


(i) 
(ii) 


Mineral matter (gravel, sand etc. formed from rocks). 


Organic matter (formed from fallen trees, leaves, etc. and remains of dead animals and 
decomposed by microorganisms and converted into humus). 


Biological material (like algae, bacteria, etc.). 
Soil water (which acts as a solvent for organic and inorganic materials). 


Soil air (present in the pores of the soil). 


483 


UDA б М 

ENVI RON M ENTAL CHEM ISTRY A program to give wings to girl students 
The main pollutants of soil are 

(i) Industrial wastes 

(ii) ^ Urban wastes 

(iii) ^ Radioactive wastes and 

(iv) Agricultural materials viz; fertilizers containing excess of nitrates and phosphates and 

pesticides. 

Pesticides consist of 


(a) Insecticides (used to kill the insects which destroy the crop, e.g., DDT, BHC or now used 
are Aldrin and Dieldrin). 


(b) Herbicides (used to control weeds, e.g., NaCIO,, Na, ASO, or now used are triazines). 
(c) Fungicides (used to stop growth of fungi, e.g., organo-mercury compounds). 


Control/Management of environmental pollution : 
Two main sources of environmental pollution are 
(i) ^ household waste and 
(ii) ^ industrial waste. 


Household waste can be managed by using separate garbage-bins for biodegradable and 
non-biodegradable (re-cyclable) wastes like polythene bags which choke the sewers. 


Industrial waste can be managed by (i) recycling waste like glass, plastic (ii) Burning and 
incineration, e.g., plant leaves (iii) sewage treatment before disposing it off (iv) Digesting, 
e.g., degradation of toxic organic waste by microorganisms, (v) Dumping of sewage 
sludge into land. 


Strategies to control Environmental Pollution : 


(i) ^ Waste Management : It is the reduction of the waste and proper disposal of waste. 
Recycling of materials and energy is also a part of waste management. 


(ii) ^ Adoption of Environmental friendly methods in day-to-day life, which results in the 
reduction of environmental pollution. 


Green Chemistry — It is a cost effective approach which involves reduction in material, energy 
consumption and waste generation. 
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It deals with producing chemicals of our daily needs using such reactions and chemical processes 
which neither use toxic chemicals nor emit such chemicals into the atmosphere. The techniques 
generally used in green chemistry are 


(i) | Use ofsunlight and microwaves (photochemistry) 
(ii) ^ Use of sound waves (Sonochemistry) 
(iii) Use of enzymes. 


Afew examples of use of green chemistry in everyday life are 


(i) ^ Dry cleaning of clothes and laundary (using liquefied CO, along with a suitable detergent 
instead of tetrachloroethene used earlier). 


(ii) ^ Bleaching of paper (using H,O, in place of CI,). 


(iii) In synthesis of chemicals using environmental friendly chemicals and conditions. 


Objective Questions 

1.  Thegasemitted by supersonic jet planes that slowly depletes the ozone layer is 
a. CO b. NO 
b. S0, d. 0, 


2.  ThepHof normal rain water is 
а. 6.5 b. L9 
C. 5.6 d. 3.5 


3.  Theprocess of ‘eutrophication’ is due to 


a. increase in concentration of insecticide in water . 
b. increase in concentration of fluoride ion in water. 
б, the reduction in concentration of the dissolved oxygen in water due to phosphate 


pollution in water. 


d. attack of younger leaves of a plant by peroxyacetyl nitrate. 
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10. 


11. 
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Excess nitrate in drinking water can cause 
a. methemoglobinemia b. kidney damage 
C. liver damage d. laxative effect 


The maximum prescribed concentration of cadmium in drinking water in ppm is 
a. 0.05 b. 3 
C. 2 d. 0.005 


Which of the following is true about photochemical smog? 
a. Itis reducing in nature b. Itis formed in winter 


б. Itisamixture of smoke and fog d. It causes irritation in eyes 


The smog is essentially caused by the presence of 
a. 0, and 0, b. O,and N, 
C. Oxides of sulphur and nitrogen d. O,and N, 


London smog is found in 
a. Summer during day time b. Summer during morning time 


б. Winter during morning time d. Summer during day time 


Photochemical smog is formed in 
a. Summer during morning time b. Summer during day time 


б. Winter during morning time d. Winter during day time 


Depletion of ozone layer causes 
a. blood cancer b. lung cancer 
б. Skin cancer d. breast cancer 


Pick up the correct statement 


a. CO which is a major pollutant resulting from the combustion of fuels in automobiles 
plays a major role in photochemical smog. 
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b. Classical smog has an oxidizing character while the photochemical smog is reducing in 
character. 

С. Photochemical smog occurs in day time whereas the classical smog occurs in the 


morning hours. 


d. During formation of smog the level of ozone in the atmosphere goes down. 


12. InAntarctica, ozone depletion is due to the formation of the following compound 
a. Acrolein b. peroxy acetyl nitrate 
b: SO, and SO, d. chlorine nitrate 


13. Which of the following is not a greenhouse gas? 
a. Methane b. Ozone 
C. Carbon dioxide d. Nitrogen 
14. Identify the wrong statement in the following : 


а Ozone layer does not permit infrared radiation from the sun to reach the earth. 
b. Acid rain is mostly because of oxides of nitrogen and sulphur. 

б. Chlorofluorocarbons are responsible for ozone layer depletion. 

d. Green house effect is responsible for global warming. 


15. Which of the following is the coldest region? 
a. Troposphere b. Mesosphere 
С. Stratosphere d. Thermosphere 


16. Whichofthefollowing is a secondary pollutant? 
a. CO, b. №,0 
С. S0, d. PAN 


17. Allare primary pollutants except 
a. S0, b. Н,50, 
б. NO, d. Particulate matter 
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18. Тһедаѕ leaked from a storage tank of the Union Carbide plant in Bhopal gas tragedy was 
a. Phosgene b. Methylisocyanate 
C. Methylamine d. Ammonia 


19. Which one ofthe following statement is not correct? 


a. DDT and BHC are not good insecticides because they are highly soluble in water. 

b. DDT and BHC are not good insecticides because they are absorbed by the soil and 
contaminate food crops. 

6. Aldrin is not a good insecticide because it is not biodegradable. 

d. All the above are incorrect. 


20. Greenchemistry means such reactions which 


a. produce colour during reactions 

b. reduce the use and production of hazardous chemicals 
С. are related to the depletion of ozone layer 

d. study the reactions in plants 


21. Whichone ofthe following statement is not true? 


a Oxides of sulphur, nitrogen and carbon are the most widespread air pollutant 
b. pH of drinking water should be between 5.5 — 9.5 

С. Concentration of DO below 6 ppm is good forthe growth of fish 

d. Clean water would have a BOD value of less than 5 ppm 


22. Thearomatic compounds present as particulates are 
a. Benzene b. Toluene 
С: Nitrobenzene d. Polycyclic hydrocarbons 


23. Ozonelayeris present in 
a. troposphere b. stratosphere 
С: mesosphere d. exosphere 
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Answers 

1. b 2 C 3. C 4 а 

5. d 6 d 7. C 8 C 

9 b 10 C 11. C 12. d 

13. d 14. a 15. b 16 d 

17. b 18 b 19. à 20. b 

21 C 22 d 23. 
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